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ABSTRACT 

The Negash area is located in Central Tigrai , Northern Ethiopia. The area consists of metamorphic rocks 

that are cut by some granitoid intrusions. The present investigation was directed to one of such intrusions, the Negash 

granitoid stock. Geological mapping at a scale of I: 50 000, and geochemical studies led to the assessment of the 

petrology, geochemistry and tectonic setting of both the intrusion and the country rocks and the economic potentia l 

of the area. 

The meramorphic rocks are mainly low - grade metavolcanic rocks with a wide compositional variation from 

tholeiitic to calc - alkaline mafic to felsic composition formed in an island arc environment. There are also minor 

intercalations of metased imentary rocks. Hornblende - hornfels facies rocks are found in proximi ty to the intrusion. 

The Negash granitoid body is unde fo rmed, discordant, circular stock that consists of diorites, quartz diorites, 

tonalites , monzonites and granodiorites with minor aplitic, grani tic and pegmatitic dikes. Its western boundary lies 

along a fault line (the Suluh Fault) that forms the Suluh River valley. 

The intrusion is dominantly of mafic and intermediate composition rocks, even though the felsic rocks crop 

out extensively at the top most part of the intrusion. 

Geochemical and petrological data suggest that the intrusive rocks were diffe rentiated from a mafic magma 

by fract ional crystallization and assimilation with fractional crystallization (AFC). Hornblende was the main 

fractionating mineral phase. This process resulted in relatively dry residual magma, as can be evidenced from the 

scarc ity of pegmatites and related mineralization. 

Preliminary geochemical survey of the Negash granitoid stock show no significant anomalies except for Zn 

and Sn. The country rocks show anomalies for several elements including Au, Zn, U, Sb, As and Ba. This indicates 

that the intrusive magma did not play an important role in generating mineralization in the area but it furnished the 

heat which triggered fluid circulation in the country rocks. 

The geochemical anomalies for most of the elements are concentrated along the western boundary of the 
, 

intrusion, the Suluh fault line. The fault presumably provided the ease through which the metasomatic fluids enriched 

the area with metals . Further geological and geochemical investigations should be directed to this zone. 



CHAPTER 1 

/ 

INTRODUCTION 

1. 1. GENERAL INFORMATION 

The area of the present study is located in Central Tigrai in the Wukro region west of 

a small village called Negash. This is located about 50 km north of Mekele, the capital of 

Tigrai, on the main road to Asmara. Hereafter, the study area is referred to as the " Negash 

Area" (Fig . l. 1). 

The Negash area is located at the northern most part of the " Mekele Sheet" and is 

bounded by latitudes 13° 50 ' N to 14° 00 ' N and longitudes 39° 30' E to 39° 40' E. 

The Negash Pluton, to which this study is primarily directed, is located roughly in the 

central pati of the study area and access to this central part is di fficult except on foot. The 

peripheral parts of the study area can be reached by four-wheel drr vehicles. Access by car 

to the intrusion is generally poor, except from the north. 

The study area forms part of the Tigrai Plateau north of the "Mekele Outlier". The 

altitude varies from 2500 m a. s. I. in the northeastern part to 2000 m a. s. I. in the 

southwestern part. The western part of the intrus ion is cut by the Suluh River, the main river 

in the area, that flows southward. The area is dissected by perem1ial and intermittent streams 

all of which flow southwestward to the Suluh River, providing good cuts of the various 

lithologic units. 



Fig. 1. 1. Lo{:ation map of the Negash area. 



Central Tigrai including the study area is characterized by a temperate climate with 

an average annual temperature and rainfall of 15 - 20 DC and 600 - 800 mm, respectively. The 

temperature ranges from minimum 5 DC to maximum 30 Dc. The region is characterized by a 

dry season from September to May with minor weather changes and by a rainy season from 

June to August. 

The area is poorly vegetated. The typical vegetation of the area, espc:cially in the 

southwestern part, are short thorny bushes, shrubs, highland savanna with scattered trees, and 

patches of woodland where ever there are churches. 

The area is densel y populated. Except fo r some of the most rocky parts of the 

intrusion it is intensively cultivated. 

1. 2. PREVIOUS WORKS 

There have been vanous studies carried out on the geology of Tigrai . Early 

investigations started during the late nineteenth century during the British Expedition 

(B lanford, 1870). Later on, Merla and Minucci (1938) carried out a reconnaissance geologic 

map of Tigrai at a scale of 1: 400 000 with accompanying report in the "Missione 

Geologica nel Tigrai", which has remained the standard reference work for subsequent 

research in the whole region. 

The main conclusions of Merla and Minucci (1938), with some additions and 

modifications, are embodied in the " Geologia dell ' Africa Orientale" by Danielli (1943) who 

gave a detailed account of the basement complex and sedimentary sequences of the area, and 

- --- ..",------
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in " The Geology of Ethiop ia" by Mohr ( 1965) who tentati ve ly divided the Precambrian 

rocks of Ethiopia into an older and yo unger groups based on the degree of metamorphi sm. 

Little further work was carried out until the late 1960 ' s when the Ethiopian Institute 

of Geological Surveys produced a preliminary Geological map of Tigrai province at a scale 

of 1 : 500000 while prospecting for economic mineral deposits (Morton , 1975). 

There have been some medium scale investi gations in the region since the early 

1970's. The most important studies in the immediate vicinity of the studied area include the 

works of Levitte (1970) who mapped the region systematically and subdivided the basement 

into four formations; the works of Beyth (1971) who gave a very detailed account on the 

lithologic description, class ification, strati graphy and mapping of the basement and 

s~dimentary rocks in the area. Beyth (1971) also produced the 

geo logical map of the Mekele Sheet, including the study area, at a scale of 1 : 250 000 with 

accompanying explanatory notes . 

Other relevant works include that of Garland (1 980) on the" Adigrat Sheet" area 

which lies immediately north of the Negash area and was geologically mapped at a scale of 

1 : 250 000, who di vided the basement rocks in the area into two groups and two format ions . 

Some other minor investi gations in the area include the works of Assefa (1969) in 

the Werii area and Hamrla (1969) in the Samre area. Dow et. al (1971), Hagos (1971), 

Watters and W . Ruffae l (1971) carried out stream sediment sampling in the Adi Desta 

which overlaps the present study area. MOlion (1975) documented the geology of the Enticho 

area. Other preliminary minor investigations were conducted by the Ethiopian Institute of 

Geological Survey. 
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Since the mid seventies almost no geo logical investigations have been carried out in 

the area for nearly two decades when Kidane (1993) studi ed the tectonics of the Precambrian 

rocks of the Negash area which partly includes the area of the present study. The whole area 

has been recently studied by Tadesse (1994) who carried out mapping of the "Axum Sheet" 

area at a scale of 1 : 25 000 with an accompanying report that also explains the geotectonic 

evo lution of the region in terms of plate tectonics . Temesgen ( 1995) mapped the area north 

west of Mekele using remote sensing techniques. Valera (1996) applied remote sensing 

techniques to map the Negash Granitoid and its surrounding. Other geological investigations 

are currently being undertaken in the area. 

Regional works incorporating the Tigrai region include those of Kazmin et al. (1978) 

and Berhe (1990) who tried to explain the geology of the region in terms of plate tectonics 

within the frame work of the Arabian Nubian Shield tectonic evolution. 

1. 3. PRESENT STUDY 

1. 3. 1. STATEMENT OF THE PROBLEM 

The geology and economic geology of the metamorphic terrain of Tigrai is not well 

known. Except for some regional and reconnaissance investigations by the Ethiopian 

Institute of Geological Survey (]elenc, 1966), no detailed work has been carried out in the 

area previously. But currently the Tigrai region has attracted the attention of prospectors and 

explorers. The geological mapping of the Mekele Sheet at a scale of 1 : 250 000 by the 

Ethiopian Institute of Geological Survey (Bey1h, 1971) revealed some geochemical 
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anomalies for base metals such as zinc , lead and copper in the metavolcanics which are 

I 

intruded by the Negash pluton. The authors had suggested that these occurrences may be 

related to the granitoid intrusion and recommended a further investigation. 

The present study, therefore, investigates the Negash pluton as well as the country 

rocks. 

1. 3. 2. OBJECTIVES AND SCOPE OF WORK 

The main goals 0 f the present work are: . 

1. To collect field data on the compositional and structural characteristics of the intrusion 

and of the country rocks. 

2. To collect representative samples from both metamorphic and Igneous rocks for 

petrographic and geochemical studies. 

3. To determine major and trace element compositions of metamorphic and igneous rocks. 

4. To identify recolmaissance level geochemical anomalies of rocks of the area to give a 

preliminary evaluation of the economic potential of the area 

5. To explore the implications of the obtained geochemical and field data for the 

understanding of the nature of metamorphic rocks, the genesis and the evolution of the 

intrusive rocks and for the relationship between mineralizations and the intrusive and 

metamorphic events that affected the area. More specifically, discussion will be directed at 

understanding whether the granitoid intrusion is the source of the mineralizing fluids or 

simply provided the heat that triggered elemental mobilization, and ultimately at 
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investigating whether the intrusion has any economic potential , 1. e., whether it IS a 

metallogenic granitoid intrusion. 

6. To provide suggestions for future development of prospecting and exploration of mineral 

deposits in the metamorphic terrain ofTigrai. 

In the course of the study, field work was conducted to map the intrusion and the 

enclosing rocks at a scale of I : 50 000. Aerial photographs at a scale of I : 50 000 and TM 

satellite images were used as base maps. Topographic and geo logical maps at a scale of I 

250 000 were also available and used for contro l checking. 

Samples were collected fro m outcrops of the intrusion, the contact zones and the 

metamorphic rocks . Some stream sediments were al so collected. 

Petrographic description of selected samples is provided. The collected samples were 

prepared (crushing and grinding) for analysis in the Central laboratory of the Ethiopian 

Institute of Geological Survey. The powdered samples were then analyzed at the 

Departmento di Scienze della Terra, Universita della Calabria, in Italy by X - Ray 

Fluorescence (XRF) method and partly in Canada by Instrumental Neutron Activation 

Analysis (INAA). 

The data obtained from the field and the analytical results were treated statistically, 

critically discussed and interpreted. The prospects and geochemical anomalies were finally 

evaluated through their parameters . An Ms - Windows supported geochemical software 

called "IGPETWIN" was used in data processing and presentation. 
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1. 4 . PRECAMBRIAN ROCKS OF ETHIOPIA 

1. 4. 1. GENERAL 

The Precambrian geology of Northeast Africa is not well known (Vai l, 1976) and has 

remained a subject of intense discussion and debate up to the present time. The Precambrian 

basement of Ethiopia is part of this geological frame, and is of great interest because two 

majo r structures meet in Ethiopia : The Red Sea Belt (the Arabian - Nubian Arc) which is an 

Upper Proterozoic geosyncline, and the Mozambique Belt of East Africa in which older 

rocks suffered metamorphism and deformation in time roughly coincident with closure and 

folding in the Red Sea Belt (Kazmin, 1978). 

Vario us stud ies have been carried out on the basement rocks of Ethiopia. Since the 

early seventies important data were gathered by the Ethiopian Institute of Geological Survey, 

The Omo river Project (1973, 1976), Gilboy (1970), Cha~ ~r (1971), Beyth (197 1), Mohr 

( 1971), Kazmin (1971 , 1972, 1973, 1975, 1978), Vail (1975) , Garland (1980), deWit and 

Chewaka (198 1), Warden et. al. ( 1982), Warden and Horkel (1984), Teklay (1986), Alene 

(1991), Kidane (1993), Tadesse (1994) and others. But the works of Kazmin 

(1971 ,1972, 1973, 1975, 1978) have given the most outstanding contributions. A special 

mention is deserved by the geological maps of the country, including the Precambrian rocks, 

with accompanying explanatory notes compiled by Kazmin (1973) and by Merla et al (1979). 

The basement rocks of Ethiopia comprise a \vide variety of sedimentary, volcanic, 

and intrusive rocks metamorphosed to varying degrees from greenschist facies to 

amphibolite facies and locally granulite facies (Kazmin, 1971). They are exposed in the north 
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(parts of Tigrai, Eritrea and Gondar) , west and south west (parts of Gojjam, Wo llega, 

IlIubabor, Keffa and GamoGofa), South (parts of Sidamo and Bale), and in the east (parts of 

Hararghe) . The rocks in the north are generally of lower grade metamorphi sm than those in 

the west and the south. 

Apart from the metamorphic rocks, the basement complex is characteri zed by 

numero us granitic and ul trabas ic intrusions to which most of the metall ic mi neralizations of 

the country includi ng gold and the base metals are assoc iated. 

The absolute ages of the Precambri an so fa r available give ages between 976 and 41 5 

Ma which apparentl y ret1ect only the yo unger (Upper Proterozoic, Riphaean) tectonic 

episode (Kazmin , 197 1). Whi le several post tectoni c granitoids give late Precambri an or 

Lower Paleozoic abso lute ages (e .g. Kazmin 197 1, Vail 1976, Beyth 197 1, Ayalew et. aI. , 

1990). 

Kazm in ( 197 1) summari zed the geologic histo ry of the regIOn. The Precambrian 

rocks were subjected to several orogel1les, sLlch as the Mozambique orogeny, since their 

formation. At the end of the Precambrian, upli ft followed by a prolonged period of erosion 

occurred resulting in the removal of all sediments deposited above the basement except some 

shales and tillites of glacial origin in the North. During the Mesozoic, subsidence fo llowed 

by a series of marine transgression and regression episodes occurred resulting in the 

sedimentary sequenc s of the country. 



10 

1. 4.2. THE PRECAMBRIAN BASEMENT STRATIGRAPHY 

The Precambrian rocks of Ethiop ia are grouped into three main divisions by Kazmin 

(197 1, 1975) and other subsequent researchers as : 

The Lower Complex 

The Middle Complex 

The Upper Complex 

Oldest 

Youngest 

These three complexes are characteri zed by different lithology, nature and degree of 

metamorphism, and structural styles of deformation . These stratigraphic units in different 

parts of the Ethiopian basement are correlated in Table 1.1. and with the basement rocks of 

East Africa and Arabia in Table 1.2. (After Kazmin, 1972). 

The Lower Complex 

The Lower Complex comprises various gneisses and migmatites. mainly granitic, and 

represents the oldest cratonic basement rocks in the country. Lithologically, the rocks mainly 

consist of biotite- and amph ibole-gneisses with minor quartz-feldsphatic granitic gneisses, 

calc-silicate rocks and amphibolites, which are metamorphosed up to amphibolite facies, 

locally to granulite facies (pyroxene and amphibolite - pyroxene gneisses). The major 

structures are broad, gently dipping synforms and antiforms. 

The lower Complex is believed to be a direct north ward continuation of the 

basement system of Kenya, of northeastern Uganda and of south eastern Sudan (e . g. Vail 
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1976, Kazmin 1978 ).The rocks of the Lower Complex: are extensively cropping out In 

Southern and Western Ethiopia and , pal1ially, in the east (Fig. 1. 2.) . 

The Middle Complex 

The Middle Complex, whic h have been identified onl y in Sidamo and Hararghe, is 

represented by psammitic and pelitic metasediments with metamorphic sandstones and 

quartzites which fo rm ed an ancient cover over the granite - gneissic complex. Primary 

sedimentary features such as cross - bedding are sometimes well preserved and the 

metamorphic grade has never exceeded amphibolite fac ies. 

The Middle Complex is considered to be the accumulation of clastic sed iments as a 

platform cover in depressions in the lower basement. Its distribution is controlled by large 

Precambrian faults, reOecting the early stages of rifting which later led to the formation of 

the Upper Proterozoic fo ld belt (Kazmin, 1978). 

The Upper Complex 

The Upper Complex is a very thick, younger geosyncl inal succession, composed of 

low grade (very slight metamorphic alteration to greenschist facies, locally low amphibolite 

facies) but tightly folded rocks including ophiolitic intrusives (u!trabasics, gabbros, 

amphibo lites), metavolcanics and metasediments (graphitic schists and phylli tes), clastic and 

carbonate metasediments with the primary sedimentary structures commonly preserved 

(Fiori et. al., 1988). 



12 

The rocks of the Upper Complex are outcropping In Sidamo (Adola Group) , in 

Wollega, and in the North (Tigrai) where they form most of the Precambrian basement (for a 

detai led discussion of the Upper Complex in the North, refer to Sectio\2. 1 .)~ 

INTRUSIVE ROCKS 

Apart from the metamorphic assemblages, the Precambrian basement is commonly 

intruded by syntectonic and several generations of post-tectonic granitoid bodies and 

associated vein rocks (i.e. pegmatites and ap lites, quartz veins, and quartz porphyry dikes) . 

Intrusive rocks have variable composition, texture, and age (dated 690 - 450 Ma, Ayalew et 

al. , 1990). 

Ultrabasic intrusives belonging to the ophioli te sequences are also common in the 

Upper Complex. The serpentinites and talc schists of Kenticha, (Sidamo), metagabbros, 

amphibo lites and talc - tremolite - actinolite schists of Adola, Sidamo (Fiori et ai, 1988) and 

Moyale ( Alene, 1991), dunites with minor pyroxenites and peridotites of Birbir Basin, 

Wollega (e. g. Augustithis 1965, Getahun 1985), and the ultramafic "melange" in north 

western Tigrai (Tadesse, 1994) are the most conspicuous mafic and ultramafic intrusives in 

the basement. 
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Fig. 1. 2. Simplified geological map of Ethiopia (Including 
Eritrea) (After Kazmin, 1975) a) Phanerozoic cover. 
b) Precambrian granitoids . c) & d) Upper cCornplex 
e) Middle Complex, f) Lower Complex, N) Negash pluton 
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Table 1. 1 Pr~cambrian Units of Ethiopia (After Kazmin, 1972) 
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1. 4. 3. TECTONIC SETTING AND RELATED METALLOGENY 

Detailed studies of the petrology and strat igraphy of the Ethiopian Precambrian 

basement, have allowed Kazmin et a!. (1978) to suggest the fol lowing evolutionary hi story: 

The ancient cratonic basement (Lower Complex) W:J.S formed during the Archaean. 

The high grade and tightly fo lded, granulite facies metamorphic rocks of the M zambique 

gneisses were later subjected to refolding and amphibo lite facies metamorphism. During the 

Lower to Middle Proterozo ic , platform type psammitic and pelitic sediments of the Middle 

Complex were accumulated in depressions of the stable craton. The ancient basement rifted 

in zones conesponding to the present-day red Sea area. Zones of oceanic crust opened, which 

pinched out to the south and only continued as continental rifts wi th attenuated crust along 

the whole or part of the Mozambique belt. About 1000 - 900 Ma ago, continental 

convergence occuned in the zo ne of the present Red Sea, accompanied by subduction of 

oceanic crust resulting in arc - type volcanism. This was followed by a period of collision 

and fo lding about 1000 - 800 or 700 Ma ago. In the narrow southern parts, the continental 

convergent zone was characterized by the formation of ophiolitic sutures . During the Late 

Proterozoic or Lower Palaeozoic post - tectonic granitoid intrusions affect the Precambrian 

basement. 

The subduction model of Kazmin et al. (1978) fit to the unified mode Is for north east 

Africa (e . g. de Wit and Chewaka 1981, Gass 1982, Vail 1985 , Kroner 1985, Shackelton 

1986). 

de Wit and Chewaka (1981) tried to clarify the concepts of Kazmin et a1. (1978) and 

classified the Ethiopian basement into five major tectonostrati graphic zones, and suggested a 
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possible association between these zones and the arI OU metallogenic occurrenc s. These 

zones (Fig. 1. 3.) are: 

Zone 1: Calc - Alkaline Volcanic Plutonic Be lt 

This belt is a palaeo calc-alkaline arc, built on pre - exist ing contin ntal crust, thQt 

can be traced for some 1200 km along western Ethiopia. In Tigrai and Erit reQ it i 

represented by the Tsaliet Group. The present study area belongs to this be lt. This belt 

comprises a volcano - sedimentary success i n f metavo lcan ics of andesiti c and dacit ic 

composition, various volcanoclastic rocks, tu ff, rhyo li ti agglomerates, phyllites, schi ts, 

quartizites and arkoses with intercalations of ch rts and marb les. The all belt i intruded by 

numerous granitoid bodies. The southern part of the be lt is mo re trongly metamorphosed 

and deformed than the northern part. 

There are both Kuroko type polymetallic stratiform deposits and copper porphyry 

type deposits associated with this belt, indicating a Japan - type ensialic volcanic arc. Go ld 

mineralization is also associated with this belt. Because of the higher deformation in the 

southern parts, tectonically induced mineralization might be of greater importance in the area 

than the northern extremities of the belt. 

Zone 2: Western Ophiolite Suture Zone 

This belt runs through south \vest Ethiopia for some 500 km, from the Kenyan border 

to the Blue Nile and possibly further north. They are represented by the oph iolite complexes 
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of Berhe (1990) and the ultramafic belts of Tadesse ( 1994) in the northern part (T igrai and 

Eritrea). This belt consists of metagabbros and serpentini zed ul tramafic complex 

unconformably overlain by a sequence of probable deep wate r metased iments and ultramafic 

metavolcano - clastics and metasilicic volcanics. This belt cuts the calc - alka line belt and 

represents remnants of inter - arc or back arc basin, probably comparable to the present Japan 

Sea. 

Ultramafic associated mineralizations of Pt, Ni , Co, Cr, asbestos and possibly Cyprus 

or Besshi type copper - iron sulphide deposits are expected in thi s belt as indicated by de Wit 

and Berg (1977), Augustithis (1965) and others. 

Zone 3: Central High Grade Area 

This belt occupies the area north east of Lake Rudolf and constitutes rocks of hi gh 

metamorphic grade (lower part of the Lower Complex) , including a series of mafic gne isses 

and granulites, layered biotite and hornblende gneisses, quartzo - feld sphatic gneisses , 

migmatites and paragneisses. This zone is a high grade metamorphic belt which could be the 

result of collision and subsequent subduction of oceanic crust below volcanic arcs. It may 

represent the area between an arc and a trench. 

There are some occunences of chalcopyrite, pyrhotite and pyrite disseminations 10 

the ultramafic bodies of this belt and locally some molybdenite occunences in veins are 

recognized. 
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Zone 4: The Eastern Metamorphic Belt 

This belt, which is represented by the Adola metamorphic belt in the south , is the 

area where all the three stratigraphic units (the Lower, Midd l and Upper Complex) are \vel l 

exposed. The tectonic setting of this zone resembl s that of a pass ive ri fted margin such as 

the present Indian Ocean continental margin, where rifting of the continental crust (Lower 

Complex) was accompanied by basaltic volcanicity and clasti c sedimentat ion (Middle 

Complex). It may represent intercontinental to intraconti nental ri ft ing followed by sea floor 

spreading which gave rise to the formation of oceanic crust as represented by the ophiol ites. 

The ophiolite rocks in this belt are characteri zed by similar minerali zati ons as that of 

Zone 2 (Kazmin, 1981). The Adola area is affected by go ld mineralization associated with 

hydrothermal quartz veins with sulphides, lense - li ke quartz intrusions in mass ive 

amphibolites, in quartizites and meta - conglomerates (Fiori et al. , 1988). 
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Zone 5: South Western Cataclastic Belt 

This belt is a mega - shear alono the Sudanese border and can b~ traced fo r long c ~ 

distance north - west striking in Sudan. This belt may r prescnts con tinen t - continen t 

collision of African craton with an undefined eastern continent. everal of the recogni zed 

ring complexes of the Ethiopian Precambrian and many of the post - tectonic grani to ids in 

southern, western and northern Ethiopia, including the gran itoid intrusion of the present 

study could belong to this belt. 

Tin and Tungsten mineralization, with minor Nb, TI, Be, Li , F, U, and Th are 

associated with the granitoid intrusions and Ti with the gabbro ic intrusives. 

de Wit and Chewaka (1981) stressed the need for much greater effort to inve ti gate 

these ring complexes to ascertain their age and likelihood of associated mineralization of 

these highly incompatible elements and other possible mineralizations. The purpose of the 

present study is partly to investigate for such possible mineralizations in one of the 

recognized granitoids, in Tigrai . 
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CHAPTER 2 

BASEMENT GEOLOGY AND STRATIGRAPHY OF TIGRAI 

2. 1. GENERAL 

The Tigrai region is characterized by rock assemblages which cover a wide gc logic 

time. The <So:::~~E.r:-=~ art is represented by Cenozo ic volcanic rocks, the central part is 

represented by the Palaeozoic and Mesozoic sedimentary succession of the "Mekele 

Outlier", whereas the Northern and Northweste rn parts which extended to ritrca are 

dominantly characterized by steeply dipping and extensively fo lded , rather low grade 

metamorphic rocks of the Upper Complex, intruded by vari ou intru ion . The study area is 

constituted by one of these intrusions surrounded by metamorphic rocks of the Precamb rian 

Upper Complex which are, in tum, unconfom1ab ly related to the sedim ntary rocks of 

"Mekele Outlier" to the South. 

2. 2. PRECAMBRIAN METAMORPHIC ROCKS 

Except for some limited outcrops of the Lower Complex in areas North of Adigrat 

(Garland, 1980), the Precambrian rocks of Tigrai are represented by a series of th ick, 

inhomogeneous units of volcanic and sedimentary rocks of the Upper Complex (Kazmin, 

1971 , 1972). There is no any indication of the Middle Complex rocks in the region. 

Various researchers tried to give a stratigraphic outline of the Precambrian rocks in 

the area but they never come up with a single Precambrian strat igraphy. The work of the 

. 
, ) , 
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major researchers is summariz d b Al . . e y ene et. al (1994) and IS presented here wIth some 

modifications in Table 2.1. Although the various researchers differ in their u e of the 

stratigraphic nomenclature, the rock units are described similarl y by all. 

Tsaliet Group 

Named after the Type Area in Tsaliet river in central Tigrai (Beyth , 197 1), thi s unit is 

composed of a heterogeneous volcanic rocks such as breccias aoo lomerates bedded tu ffs _ ' 0.0 ' 

and lavas, all interbedded with marine clastics, rare li mestones, tuffaceous slates, redepo ite I 

ash, and greywacke composed partly of vo lcanic fragments , exhi biting considerab le lateral 

variation. The Tsaliet Group forms an extensive outcrop with a thickness reachi ng up to 

2,500 m in some sections (Garland, 1980) and shows a general regional trend of N20 0 E/55 0 

NW to N30 0 EI 55 0 NW (Levitte, 1970). These rocks which constitute the country rocks of 

the present study area are correlated with the Birbir Group of Western Ethiopia, Mormora 

Group and Kadjimiti beds of Southern Ethiopia, Soka and Boje Series of Hararghe and 

Aisha, the Halaban Formation of South Arabia, the Dokhan Series of Egypt, and Lower part 

of the Upper Proterozoic of Sudan (Kazmin, 1972) . The Tsaliet Group belongs to the Calc -

Alkaline Volcanic Plutonic Belt of de Wit and Chewaka (1980). 

Tambien Group 

This unit conformably overlies the Tsaliet Group with a gradational contact marked 

by thin beds of ~imes~ne (Garland, 1980). According to Beyth and Dow (1979), thi s group 

. .c embers from the oldest to the youngest: Weri i Slate, Assem Limestone, 
compnses lOur m , 
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Tsedia Slate and Maikenetal L' T Imestone. he fom1er three have been grouped into one a the 

Arequa Formation by Hailu (1971 ) (in Garland, 1980). 

Werii slate 

The Werii slate consists of black, graphi ti c or va riegated slates or phyllites, ori ginall y 

well laminated mud stones, with thin intercalations of li mestones, calcareous sandsto ne, 

greywacke and occasional intraformational conglomerates (Garl and, 1980). Towards the top 

it is cut by quartz - biotite - diorite dikes and quartz veins (Beyth, 197 1). 

Assem Limestone 

The Assem Limestone which conformably overl ies the Werii Slate is a well bedded, 

finely laminated black limestone with some calcareous shale, dolomite and sil icified lenses 

in places (Garland, 1980). It is interbedded with slate and its boundary with the Werii Slate is 

arbitrarily defined where the limestone beds become dominant whi le the upper contact with 

the Tsedia Slate is sharp (Beyth, 1971). The max imum thickness of the whole unit is not it Ii 

more than 300 m (Garland, 1980) and dips steeply (Levitte, 1970). 

Tsedia Slate 

The Tsedia Slate at the base is composed of purp le slates but it resembles the Werii 

Slate in the upper part of the section, being partly graphitic, well - laminated and interbedded 

with thin calcareous sandstones. The maximum thickness is about 500 m. Ofte n it is cut by 
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aplitic dikes and is conformably overlal'n by the Mai Kenetal Limestone, 10 which the 

boundary is arbitrarily placed where the limestone beds become dom inant 

(Kidane, 1993). 

Mai Kenetal Limestone 

The Mai Kenetal Limestone is recognized and described by Beyth (197 1). It is 

composed entirely of fine crystalline black limestones containing detrietal al gal fragment , 

ooliths and rare plagioclase crystals. 

Didikama Formation 

The Didikama Formation unconformably overlies the Tambien Group. It was named 

by Hailu (1971) (in Garland, 1980) after the outcrop at Didikama in the Sheraro area. It 

consists of yellowish, medium grained dolomite interbedded with gray, black or coloured 

slates. The dolomite contains a good deal of sand or mud, in places grading into talc schist or 

calcareous shale, while most of the clastic units are either sandy grey'Wacke (green slate) or 

cherty mudstone (phyllite) (Garland, 1980). 

Matheos Formation 

This formation, which according to Garland (1980) is known only in the Negash 

Syncline, is thought to be the youngest Precambrian formation in Ethiopia. This formation 

has less than 30 m maximum thickness and is folded into a gentle syncl ine. It overli es the 

," 
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Didikama Formation with ana I C" • , ou ar unconlormlty. It consIsts of gray to black colored, 'vvell 

laminated and undisturbed limestone, partly detrietal, veined with ca lcite (Garland. 1980). 

The limestone occurs as micritic, oolitic and fragmental varieties (Beyth, 197 1). 

Undifferentiated Upper Complex 

This complex is composed of both metavo1canics and metasediments which can 

possibly belong to the Tambien Group or the TsaJiet Metavo1canics. Thi s unit outcrops in 

Northern Ethiopia along the faces of escarpments in the eastern part of the Mekele Are:J. 

(Levitte, 1971) and in Eritrea (Garland, 1980). 

2. 3. PRECAMBRIAN INTRUSIVE ROCKS 

The Tigrai region and Eritrea are characterized by a considerable number of basic and 

acidic intrusive bodies cutting the metamorphic rocks, among which the acidic intrusives are 

dominant. All Beyth (1971), Kazmin (1972) and Garland (1980) identified two types of 

granitoid intrusions: the Syntectonic and post - tectonic granitoids while Tadesse (1994) 

identified three types of granitoid intrusions in the region, the third being the late - tectonic 

granitoids in addition to the two former types. 

I' \ 
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The Syntectonic Granitoids 

These aranitoids are repres t d b h .., to en e y rat er weathered, medium gramed epldotized, 

foliated granites elongated along the regional strike. There are also some fo l iated 

granodiorites of limited exposure cutting the metavolcanics in some places (Garl and , 1980) . 

The Post - Tectonic Granitoids 

The Post - tectonic granitoids are represented by grani tes, granodiorites, tonalites, 

quartz diorites and diorites which are associated in place. These, in turn, are cut by many 

late stage aplite and quartz porphyry dikes. There is no clear contact between the 

granodiorites and the tonalites but there is a gradational change in the amount of the mafic 

minerals. 

The granitic and granodioritic stocks in the region are named as the "Mereb 

Granite" after the exposure in the Mereb river, and the diori tes and quartz diorite masses as 

the "Forstaga Diorite" after the Forstaga village in the North eastern part of the Mekele 

Sheet, by Beyth (1971). 

The post _ tectonic granites are generally coarse grained alkali potassic granites III 

although porphyritic microgranites are not uncommon. They are commonly composed of 

quartz, microcline perthite, zoned plagioclase, biotite and mmor green pleochroic 

hornblende, with sphene and apatite as accessory minerals. Chemically, the maj or 

constituents are found out to be Si02 = 63.6 - 68.2 %, Ab03 = 14.0 - 18 .4 %, Na20 
= 5.9 -

7.1 % and K20 = 2.7 _ 2.9 % (Garland, 1980). However, the silica contents are too low for 

typical granites. Beyth (1971) recognized many other varieties of granitoid intrusions . Pink 

't osed to the west and east of the granitoid stock of the present study area. 
gram es are exp 
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There are also some aranite bodies in th rtl fT' . I' . e e no lemmost part 0 Igral Ike the Assl mba Peak, 

and a number of rounded bodies in the northern part of the region (Garl and, 1980). The 

granites are frequently and extensively cut by aplite, quartz porphyry dikes and pegmatites. 

The granodiorites are commonly associated with grani tes , and are composed of 

quartz, plagioclase, microc1ine ± biotite, secondary muscovite and chl orite. 

The diorites in the region are medium grained, often contain ing quartz but in places 

are quartz-free. The Forstaga diorite is a quartz - amphibole diori te containing bioti te and 

pyroxene, epidote and chlorite (Beyth, 197 1). In places it grades into granod iorite/ Tonal i teo 

Chemically, the major constituents are Si02 = 53.5 - 58.6 %, AhO] = 12.5 - 16.2 %, CaO = 

6.0 - 6.3 % and K20 = 1.2 - 2.7 % (Beyth, 1971). Beyth (1 97 1) also proposed that the diorite 

had been intruded before the granite and is foliated in parts of the Mekele area. 

The ages of the post - tectonic granitoids in this region are put in the Upper 

Proterozoic - Lower Palaeozoic. There have been some KJ Ar abso lute age determinations of 

the post - tectonic granitoid rocks. Three post - tectonic granodiorite specimens fro m Adi 

Aro river in the Adigrat Sheet area gave 582 ± 21 Ma, 570 ± 31 Ma and 582 ± 22 Ma. At the 

same time two pink granite specimens from Hauzien (immediately West of the present study 

area) gave KlAr ages of 583 ±16 Ma and 621 ± 27 Ma. Granites from the Mereb river gave 

690 ± 4 Ma and 670 ± 5 Ma (Garland, 1980). 

40 Arl Ar39 dating carried out on K-feldspars and micas separated from a granodiorite 

from the Negash pluton has given an age of 660 ± 10 for muscovite, 676 - 589 Ma for 

biotite and 593 - 555 Ma for K - feldspars. Since there is evidence of Argon loss from 

fe ldspars, the ages of micas can be considered as emplacement age of the pluton (Arnaud et. 

al. , 1996). 

, , ( 

I 
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CHAPTER 3 

GEOLOGY OF THE NEGASH AREA 

3. 1. GENERAL 

The studied area has been mapped on a I : 50,000 scale using similar scale aerial 

photographs and TM Satellite Imageries as base maps. The lack of a 1 : 50,000 scale 

topographic base map has been one ofthe constraints during the course of mapping. 

The central part of the mapped area is represented by the metavolcanics of the Tsaliet 

Group intruded by the granitoid stock. The metavolcanics show a considerable lateral 

variation in lithology and are mapped as a single unit, but there are different lithologies 

which are described separately. The metavolcanics are intercalated with some thin beds of 

metasediments and are metamorphosed to greenschist facies metamorphism. Higher grade 

of metamorphism is observed at the contact with the granitoid stock. 

I I The granitoid stock shows radially arranged ,lithological units of granodiorite, 

tonalite, diorite and quartz diorite. Granodiorite also crop out towards the centre of the 

intrusion. The stock is cut by a series of aplitic and quartz porphyry dikes and are sub -

parallel to each other and to the regional foliation direction of the metavolcanics. Numerous 

quartz veins and pegmatites are also observed within the stock and in the metavo lcanics near 

the contact. In addition, there are patches of roof rocks and cap rocks at various locali ties 

within the intrusion. 

To the West and the North, the metavolcanics show a clear and sharp contact wi th the 

overlvina Palaeozoic sediments of the Edaga Arb i Glacials and the Enticho Sandstone. To 
• ::::> 
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the South, the Mesozoic Adigrat Sandstone of the "Mekele Outlier" unconformably overlie 

the metavolcanics. To the East the metavolcanics show a sharp contact with Tambien Group 

rocks of the Negash Synclinorium. 

Although field investigation, description and sampling have been concentrated in and 

around the granitoid stock, a general stratigraphic outline of the studied area was compiled 

and is given in Fig. 3. 1. No attempt has been made to describe and sample the 

other rock units because first, the sedimentary rocks are younger than the intrusion and they 

do not have any influence on the genesis and possibly associated minerali zations of the - -
intrusion and second, the granitoid stock is totally surrounded by the metavolcanics and the 

Tambien Group rocks belong to a different structural block. 

3. 2. THE METAVOLCANICS 

The larger part of the study area is covered by strongly fo liated, steeply dipping and 

folded metavolcanic rocks that form extensive plains and flat tops. The mean, foliation 

direction of the unit is N 30° E. Other metamorphic and sedimentary rocks rest 

unconformably on the metavolcanic rocks. 

The metavolcanic rocks with the interstratified minor metasediments are correlated 

with the Tsaliet Group of Beyth (1971). Beyth (1971) and Garland (1980) ascribed the origin 

of the Tsaliet Group to volcanic rocks formed under water, interpreted based on the presence 

of primary sedimentary structures like ripple marks and slump structures, which are also 

observed in the Negash area. 
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Away from the contact with the intrusive body, the rocks are of greenschi st facies 

and are generaliy represented b fi . d . . _ . y me grame to porphyroblastlc metavolcaniC rocks 

me ase lments. l ear the western contact, breCCias are intercalated with thin beds of t d' N . 

commonly represented while the remaining contact aureole is represented by the fine grained 

to porpyhroblastic metavolcanics. Some spotted schist containing visible crystal s of garnet, 

biotite and hornblende do also occur. Contact aureoles of the hornblende - hornfels facies are 

found . In places, the metavolcanic rocks are cut by a network of quartz veins, pegmatitic and 

aplitic dikes. 

3. 2. 1. FINE GRAINED METAVOLCANICS 

The fine grained metavolcanics in the mapped area are composed of slightly 

metamorphosed rocks and identifiable as basalts, andesites, rhyo lites and some tuffs. These 

rocks are generally grey, green or dark coloured and very fine grained. 

These metavolcanic rocks are strongly foliated and form very steep cliffs up to 400 

m thickness at the sides of the Suluh river south west of the intrusion. In the eastern part, the 

unit forms a flat plain and is exposed only at the top. The foliation planes show regular 

variations in the dip directions indicating that there are some tight minor fo lds 

whose hinges are weathered away. 

The mineralogy of these rocks is summarized based on petrographic analyses of some 

selected samples (Samples TO 47, 60, 87 95) and from the work of Kidane (1993) who 

mapped the adjoining area. The unit is generally low - grade metamorphic rock with 

plagioclase and quartz porphyroblasts with minor quartz 10 a recrystallized matrix of 
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epidote, muscovite and chlorite. The plagl·oclase IS ·d · d d ... d ~ epl otlze an sencltlze usuall y 

partially and in some instances almost entirely. The plagiocalse is a main rock formino c 

mineral, but the presence of epidote and chlorite which ran~es from 10 to 60 vo lume % 

respectively gives the rock its characteristics green colour. Accessory mi nerals incl ude 

apatite, sphene, zircon, pyrite and magnetite. 

In thin sections, these rocks exhibit dis tinct alignment of very fine - grained 

aggregates of epidotes, quartz, sericites and chlorites. Some of the muscovites and quartz 

show fragmentation along the traces of foliation. Some samples from the aureole also 

contain garnets indicating a bit higher grade metamorphism due to thermal metamorphism. 

The mineral assemblage indicates that the protolith are possibly basalts, andes ites or 

where the quartz is dominant possibly dacites and rhyolites. 

The fine grained metavolcanics which form a contact aureole of a few tens of meters 

width, and those 'Vvhich occur as roof pendants are pervasive ly epidoti zed and quali fy as 

greenstones. Contact metamorphism which are superimposed over the previous regional 

metamorphic effect, resulted in hornfelsic textures which partially obliterated the regional 

foliation . The aureoles are locally metamorphosed to hornblende - hornfels facies. In some 

parts, the contact aureole is characterized by pervasive silicification. When at direct contact 

with dioritic rocks, the roof pendants show migmatite like textures and some exhibit very 

tight microfolds and crenulation cleavages oriented nearly perpendicular to the regional 

foliation . 
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3. 2. 2. METABRECCIAS 

, 

The metabreccia dominantly outcrops in the western side of the granito id intrusion 

along the Suluh River. Kidane (1993), who mapped eastern side documented its occurrence 

of 
'\I along stream cuts . 

The metabreccias commonly show shades of brown, green and occasionall y black, 

and consist of highly brecciated but silicified and compacted blocks of metavolcanics of 

various sizes ranging from a few mm to 10 cm and sometimes much bigger diameters (P late 

3.1.) 

The fragments which make up the metabreccias are dominantly composed of 

euhedral to subhedral quartz, plagioclase (altered to epidote and sericite) as phenocrysts, and 

quartz and sericite as groundmass. Iron oxides are also present as accessory phase. 

In the Negash area metabreccias occur subparallel to the western contact of the 

pluton. The individual blocks are elongated along the same trend. This may lead to suggest 

that the metabreccias are highly silicified breccias which resulted from the major brittle 

r I" deformation in the area (see the Geological Map) and subsequent silicification by solutions 

from the pluton. The presence of some less silicified metabreccias far to the west away from 

the intrusive contact supports this conclusion. 

3.2.3.PORPHYROBLASTIC METAVOLCANICS 

This unit is exposed in some localities within the contact aureole. These are 

porphyroblastic metavolcanics and consist of garnet, ep idote , chlorite and albite. 
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Plate 3 l. A metabreccia, composed of big clasts which are elongated in one di recti on 



p 

" 

37 

In most cases, the rocks form spotted schists of reddish to brownish coarse biotite and 

garnet. The mineral assemblage indicates a hornblende - hornfe ls fac ies metamorphism. 

The porphyroblastic metavolcanics away from the contact are of greenschi st fac ies 

metamorphism. Kidane (1 993) described the protoliths fo r these metavolcanic rocks as 

diabase of hypabyssal origin, even though no evidences were fo und in this study that 

supports this conclusion. These rocks (Sample TG 63 , 71, 11 5,125) contain plagioclase 

phenocrysts ranging in diameter from l.5 - 2 em, commonly exhibiti ng alb ite and albite­

carlsbad twinning. Large quartz grains up to 3 em also occur with blastoporphyritic texture 

and enclose many minerals including epidote, chlorite and sericite . Zircon, sphene, apatite, 

pyrite and magnetite occur as accessory minerals. 

3.2.4. METASEDIMENTS 

The intercalated metasediments (Samples TG 79, 82, 11 8) within the metavolcanics 

are represented' by thinly bedded, greenish slate and black greywacke. The grey-wacke is 

composed of quartz, plagiocalse, epidote and sericite, and some accessory minerals like 

zircon and apatite. 

Other lithologies include argillaceous sandstones cemented by calcite, or sericite -

chlorite schists of pelitic origin. The latter are characterized by very fine grained aggregates 

of quartz, feldspar, sericite, chlorite, and epidote. 

The metasediments are proportionally subordinate with respect to the metavolcanics. 
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3.3. THE NEGASH PLUTON 

The Negash granitoid stock is an almost circular body of 8 km diameter and about 50 -
sq. km outcrop area. The intrusion is not affected by any deformatio n since no clear 

evidence of foliation is observed in the granitoid rocks near the contac t. 

The granitoid intrusion has often a sharp contact with the metavolcanics. The 

granitoid cuts the foliation direction of the country rocks. 

The nature of the western contact, however, is much di fferent from the remaining 

part. First, the contact becomes almost straight and oriented north east - south west at abo ut 

100 almost parallel to the Suluh River; second, there are two granitoid sate llites of very small 

size elongated parallel to the river direction and the western contact (See the Geological 

/ If 
W II 

'/.,) '" L ) 
I r 

v 

Map); third, the metavolcanics are dominantly represented by metabreccia which are not 

commonly observed on the other sides. Hence, the western contact is possibly a tectonic 

contact. 

The granitoid body is a complex int~~L(;m formed by different lithologies cropping 

out subradially towards the centre, Towards the centre are granodiorites which gradationally 

change to tonalites . The tonalites sometimes have a sharp compositional contact with the 

diorites, whereas in other places there are no sharp contacts but rather between diorites and 

tonalites. Granodiorites occur at the center of the pluton at direct contact with the diorite. 

The stock is cut by numerouS aplites, quartz porphyry dikes, quartz and some pegmatitic 

vems. 
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3. 3. 1. GRANODIORITES 

... The largest part of the outcropping grani toid body is constituted by granod iorites . 

The granodiorite along the margin is porphyritic with megacrysts of zo ned orthoclase 

up to 2 cm diameter (Plate 3. 2.). In hand specimen, quartz (colourless), alkali feldspar (flesh .. 

red), biotite (shiny black) and plagioclases can be easily identified. 

I 

In thin section, the granodiorites show heterogranular, suhedral holocrystalline 

texture with allotriomorphic plagioclase and microcline and interstitial quartz. Myrmeki tic 

texture is also observed. There are su?_~edral to euhedral crystals of biotite (pleochroic from 

dark brown to pale brown) and hornblende (pleochroic from green to brown). Bi () ti te and 

hornblende show occasional poikilitic texture wi th inclusion of fine grained quartz. No 

significant alteration exists except for some transformatio n of hornblende to biotite in some 

sections. Zircon, apatite and sphene occur as common accessories , wi th traces of pyrites and 

magnetites. 

Some of the samples (Samples TO 58, 70) show equigranul ar, coarse - to medium -

grained texture. This variety is common away from the contact. 

Some samples near to the contact contain a few epidote and muscovite crystals 

indicating slight alteration. 

Modal analysis (based on visual estimate) gives an average composition of quartz (20 

%), plagioclase feldspars (50 %), alkali fe ldspars (10 %) and mafic minerals (15 %). This 

composition falls within granodiorite field (Streickeisen, 1975). 

'. The granodiorites contain many microgranular mafi c enclaves (MMEs) (Plate 3. 3.) 

which occur in various sizes and shapes . The size ranges from a few mm up to a meter in 

diameter, and shapes include circular, elongated, elliptical and sometimes irregular . Almost 
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Plate 3. 2 A close view of granodiorite Big oI1hoclase grains can be easil y recogni sed 

Plate 3. 3 Granod iorite with microgranular mafi c enclave (:Vl iYIE) (da rke r) 

> 
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all of the MMEs show dark colour which contrasts with the enclosing mesocratic and 

occasionally leucocratic granodiorite masses. The MMEs have similar composition with the 

adjoining diorites, and some are porphyritic with amphibole phenocrysts. Crenulated or 

quenched margins within the host rock are observed. The MMEs sometimes show 

assimilated margins. All these textural features agree with the widely accepted hypothesis 

that MMEs represent blobs of mafic magmas inj ected into the more ac idic gr::tnodioritic 

melts (e.g. Didier and Barbarin, 1991). 

In addition to MMEs, there are some xenoliths that show metamorphic fabric. These 

are obviously fragments torn from wall rocks and caught in the granitoid magma during 

ascent. 

. The granodiorites at the margin are cut by aplitic and some pegmatitic dikes and 

quartz veins oriented nearly parallel to the contact with the country rocks. Within the stock, 

there are some roof pendants of hornfelsic texture. 

The granodiorite shows nO considerable structural feature except for occasional 

alianment of the maamatic minerals. But all the granodiorite peaks within the stock are 
o 0 

affected by a very conspicuous hammock (horizontal) jointing. 

There are no any indications for the presence of faulting or shearing within the stock 

but the nature of the western contact may indicate some faulting in the country rocks near the 

contact. 
f 

3. 3. 2. TONALITES 

The tonalites show gradational boundary with the granodiorites and are more 

melanocratic and contain more plagioclase, hornblende and biotite. 



p 

42 

The tonalite has similar textural feature as the granodiori te. The modal analysis of the 

tonalites gives an average composition of quartz (10 %), plagioclases ( 70 %), K - feldspars 

(5 %) , Hornblene and biotite (15 %). Apatite, sphene and zi rcon are accessory minerals. 

The tonalite (e. g. TG 48) is phanerocrystalline with plagioclase and quartz forming 

the larger crystals and some microcline. Plagioclase commonly exhibit osc illato ry and 

normal compositional zoning with albite twinning. Some plagioclase contain fi ne - grained 

micas that resulted in sieve texture. The microcline is commonly di stingui shed by clear albite 

and tartan twinning. The quartz grains show embayment texture along thei r boundaries with 

plagioclase. Biotite and hornblende occur as aggregates and rarely as euhedral crystal s. 

The tonalites close to the granodiorites are frequently capped by highly indurated and 

thermally baked cap rocks, and form very thick masses of horizontally and vertically jointed 

blocks. The tonalites contain large MMEs up to 30 cm in diameter, and are frequently cut by 

aplites of thickness up to 20 cm and of various orientations. 

The tonalites MMEs which are sometimes angular blobs and others show rounded 

features. At the contact, the tonalites are protruding into the diorite and fo rm complexly 

mingled structures. 

f " 

3. 3 . 3. DIORITES 

The diorite and quartz diorite form a massive curved ring-shaped outcrop within the 

aranitoid stock surrounded by granodiorites and tonalites, and occasionally capped by the 
b 

roof rocks which are migmatitic at the contact. 

nz 
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The diorites show t . . sys ematlc vanation in composition and texture. There is a general 

gradation from fine grained to coarse grained varl'etl'es towards th centre, and four typ s of 

diorites can be recognized : 

1. fine grained, biotite rich diorites cut by microdioritic dikes, 

2. coarse grained, quartz diorite, 

3. coarse grained, porphyritic diorite with hornblende and biotite phenocrysts, 

4. mingled (transitional) diorites of both aphyric and porphyritic types. 

At the contact with tonalites, there are some diorite enclosed by tonal ites. At the 

contact with the central granodiorite the diorites are characterized by assimilation features 

and mingling between mafic and fels ic compositions (P late 3. 4. ). 

The diorite is also cut by a network of microdiori te, aplite (P late 3. 5.), pegmatite , 

granitic a..'1d quartz veins (Plate 3. 6.). In the western part of the pluton, the country rocks are 

cut by fine grained diorites which exhibit chilled margins, and in turn, are cut by many 

coarse diorite dikes of 30 cm to 1 m thickness generally oriented at N 40 0 E. 

Hornblende, biotite, quartz and sometimes PJsite crystals are di sti nguished from 
.-.-- --. - ~ -

diorite handspecimens of the coarser varieties. In thin sections (Samples TG 49, 52), the 

diorites exhibit hollocrystalline, fine - grained to porphyritic texture with coarse subhedral 

and rare euhedral phenocrysts of biotite and hornblende, and dominant plagioclase feldspars 

which are commonly zoned. Perthitic intergrovvth are sometimes present. Augite, biotite and 

hornblende show intergrowths while some augites show lammelar or embayement texture. 

Quartz usually occurs as accessory except in some samples of quartz diorites where it 

constitutes up to 10 % . 

.... 
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Plate :; 4 AssiI11ila ~;o n between mafic (darker) and f lsic phas S 2. t tl e contac t zone. 

Plate:; 5. A microdi ori te dike (dark) cutting the roof pendant s 
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Plate '" 6 Set ofqual1z and pegmat ite ve ins (light ) crossing tOl1 al ites near th e contact to 

the diorites 

Plate J. 7 An aplite dike crossed by qU<l11Z veins 

b 
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The average mineralogical composition of these rocks is given by plagioclase (40 % ), 

biotite (25 %), hornblende (20 %), augite ( 10%), quartz (4 %), with negligible K - feld pars, 

which fall in the diorite field (Streickeisen, 1975). However, there are some di orites which 

are pyroxene rich and can be termed as pyroxene diorites while the maj ority of the diorites 

are represented by biotite - hornblenede diorites . The common accessori es are sphene, 

zircon and traces of opaque minerals. The latter form micrographic and skeletal gra ins. 

3. 3. 4. QUARTZ PORPHYRY DIKES 

The country rocks near to the contact with the pluton are cut by a series of quartz 

porphyry dikes which have a general orientation of N 1 0 0 E to almost N - S and are 

subparallel to the foliation direction of the metavolcanic rocks. These dikes are common in 1 

the eastern and western parts of the pluton. 

The quartz porphyry dikes are 3 to 12 m thick and extend for a considerable distance 

along the strike. Some of the quartz porphyry dikes are finer grained at their contact with the 

host rocks and are commonly affected by a swarm of quartz veins and veinlets generally 

oriented perpendicular to the orientation of the dikes. In some localities the dikes are 

surfacially stained by epidotes from the country rocks. 

The dikes are composed of quartz, feldspar and very fine groundmass with visible 

qV
artz

, orthoclase and plagiocalse phenocrysts. In thin section (e. g. Sample TG 99), the 
~ . 

rocks exhibit porphyritic textures with coarse plagioclase lath and quartz set in fine - grained 

muscovite, quartz and K - feldspar. Biotite occurs as scattered an11edral crystal. Zircon 
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occurs as accessory along with opaque minerals including cubic pyrite. The stud ied samples 

indicate that the dikes are of intermediate composition. 

3.3.5. APLITE DIKES 

Aplite dikes are widespread near the contact zones of the pluton. The thickness of the 

dikes ranges from a few cm to 2 m within the pluton and up to 20 m in those cutting the 

metavo1canics along the western contact. The aplite dikes are subparal lel to each othe r and to 

the foliation direction of the metavolcanics. In some, the dikes cut the fol iation of the host 

rocks. In places, the aplites form lens - like bodies. 

Most of the aplite dikes are cut by a network of quartz veins and veinlets (Plate 3. 7.) , 

and are composed of very fine grained quartz and feldspar crystals wi th some pyrites whi le 

others are microgranular in texture. In thi~ section (Sample TG 53, 11 2), the aplites are 

commonly represented by very fine - grained aggregates of quartz and K - feldspars which 

show micrographic intergrowths. There are some anhedral to subhedral biotite and 

muscovite. There are pyrite crystals and zircons as accessories. The aplites which are 

composed of sub equal proportions of quartz and K - feldspars with li ttle plagioclase, 

muscovite and biotite fall in the granite field (Streckeisen, 1975), indicating that they 

represent hypabyssal granites. 

In addition to the quartz porphyry and aplite dikes, there are pegmatite and quartz _ .... 

veins in the area. 
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3.3.6. STRUCTURE OF THE NEGASH PLUTON 

Observation carried out during field work are helpfu l for the aim of understanding the 

structure and the intrusion level of the Negash granitoid body. In synthes is: 

l. The horizontal jointing commonly observed in the plutonic rocks (Plate 3.8. and 3. 9. ), 

especially in the granodiorites indicate that the outcropping rocks represent the upper 

part of the intrusive body. This is confi rmed by the presence of patches of roof 

pendants in several parts of the pluton (Plate 3. 10). 

2. The presence of granodiorites both at the margin and center of the pluton with simi lar 

composition suggest that these rocks belong to a single magmatic event. 

3. The presence ofMMEs in both the granodiorites and tonalites suggest that the dioritic 

magma was intruded into the upper part of the granitoid body later than the formati on 

of granodiorites and tonalites. 

4. The mingled structures at the contact between different rock types testify that the intrusion 

of mafic magma occurred when the tonalites and granodiorites were sti ll in a partially 

or totally molten state. 

S. The presence of aplitic, microgranitic and pegmatitic dikes represent late stage 

differentiates of the residual magma. The residual magma filled fractures related to 

volume contraction of the magma body. 

6. The felsic dikes also cut through the wall rocks. 
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Plate 3. 8. Granodiorite affected by prevalent horizo ntal (hammock) jointing 

,-' 

, .r ., . . ./ 

Plate 3. 9 Closer view of horizo ntall y jointed granodio rites 

.-
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Plate 3. 10. Roof pendants (back ground) over the jointed granodiorites 
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In conclusion, the overall picture which emerges from the fie ld observations is that of 

a compositionally zoned intrusive body. This was formed by an upper fels ic rocks and a 

mafic lower part. During intrusion, the more fluid and hotter m::lfic magma pie rced through 

the upper felsic compositions of the partially crystallized granodio rite ' and tonalites. Mafic 

magma mingled with the granodiorites and in some zones. This resul ted in the developmen t 

of several mafic enclaves inside granodiorites and tonalites and of mingled zo nes at the 

contact between various rock types. 

The most important implication of this model is that the Negash intrusion is not an 

ring complex, as it could be inferred from the sur face outcrops, but a di ffe rentiated calc 

alkaline pluton in which the mafic rocks are dom inant. The stages of development of th is 

intrusion is represented in Fig. 3. 2. 

" 
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STAGE 1 

Mafic magma 

STAGE 2 

pendant 
I, STAGE 3 

dikes 

Fig. 3. 2. Stages of development of the Negash pluton 
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CHAPTER 4 

METAMORPHISM AND STRUCTURAL GEOLOGY 

4. 1. METAMORPHISM 

The granitoid stock is not affected by metamorphism except for a slight epidotization 

along its contact with the country rocks. Instead, the intrusion resulted in thermal 

metamorphism of the country rocks, which superimposed on the preex isting regional 

metamorphism. The foliation of the country rocks at the contact is obliterated by migmatite ­

like features. 

The contact metamorphism is restricted to the very narrow contact aureole around the 

granitoid body and to the contact between the grani to id body and the roof pendants. The 

regional metamorphism is a characteristic feature of the country rocks. In some places, it is 

possible to clearly recognize the superimposition of the contact metamorphic effect over the 

preexisting regional metamorphic effect. 

4. 1. 1. REGIONAL METAMORPHISM 

Although no attempt was made to study the detailed metamorphic nature of the 

metavolcanics in the field, some samples collected from the country rocks and the roof 

pendants were petrographically studied and revealed some important features. 

The studied samples reveal the mineral assemblages listed below: 
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Plagioclase + quartz + microcline + sericite (TG 95) 

Quartz + microcline + plagioclase + muscovite + sericite + epido te + chl ori te 

(TG 82) 

Quartz + epidote + sericite ± microcline 

Quartz + muscovite + sericite ± microcline ± plagioclase. (TG 79) 

These identified mineral assemblages are of greenschist facie s, affecti ng volcanic 

rocks ranging in composition from rhyo lite to basalt and some sed imentary rocks of 

argillaceous sandstone and pelitic rocks . 

The fine grained metavolcanic rocks show mineral ali gnment representing traces of 

foliation or planar surface of the rocks . The fine - grai ned aggregates are made up of inti mate 

intergrowths of quartz, epidote, chlorite, or quartz, seric ite, chlori te, which enclose rare 

larger crystals of quartz, muscovite, plagioclase or microcline, around which fine - grained 

aggregates deflected from the general foliation trend. 

The porphyroblastic metavo lcanics and metabreccias are weakly fo liated and are --
characterized by having relict porphyritic texture where quartz and plagioc lase represent the 

phenocrysts. These are enclosed within fine - grained aggregates of quartz, chlori te, epidote 

and sericite. The quartz and plagioclase are disposed in such a way that they define the 
" 

general foliation surface. Quartz shows straining along the foliation. Muscovite and 

microcline. occasionally occur as blastoporphyritic , and they sometimes exhibit 

blastopoiklitic and perthitic textures, respectively. The plagioclase displays albite and 

carlsbad twinning; this can be partially due to the metamorphic effect (Spry, 1969). 

The metasediments are represented by some pelitic and argi llaceous sandstones 

which are metamorphosed to sericite - chlorite schi sts. Some of the metasediments are 
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affected by dynamic metamorphic effect as can be observed from the strai ni ng of the qUaJ1z 

and muscovite crystals in the rocks. 

4. 1. 2. CONTACT METAMORPHISM 

The contact metamorphic effect resulted in the formation of the contact aureole. The 

aureoles are represented by metavolcanics except for the western contact where there are 

metabreccias with no evident contact metamorphism. 

The studied samples from the contact revealed the following mineral assemblages : 

Plagioclase + quartz + monocline + muscovite + epidote ± biotite (TG 120) 

Quartz + plagioclase + epidote + chlorite (TG 47) 

Quartz + muscovite + sericite ± plagioclase ± chlorite (TG 63) 

Garnet + epidote + quartz + plagioclase + microcline ± muscovite ± chlorite 

(TG 125) 

Epidote + sericite + quartz ± chlorite ± biotite (TG 60) 

Gamet + hornblen<;le + quartz + plagioclase 

The mineral assemblages indicate that the contact metamorphism is of the albite-

epidote hornfels facies. The regional metamorphic effect is superimposed by the later contact 

metamorphism, resulting in hornfelsic texture which obliterated the pre - existing foliation. 

In some places within the contact aureole and in the roof pendants, the contact 

metamorphic etlect of the granitoid intrusion resulted in partial melting of the country rocks , 

resulting in migmatite - like structures (Plate 4. I.). 
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Plate 4. 1. A roof - rock partially melted and compacted due to the effect of 

thermal metamorphism 
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This process occurred essentially where the country rocks are in contact with di oriti c 

rocks. Sometimes contact metamorphism has been obliterated by later silicifi cation. 

The mineral assemblage for some metavolcanics indicates that there is a local higher 

grade metamorphism of hornblende - hornfels facies. These effects are restricted to some 

places at the contact aureole and to the roof pendants. This hornblende - hornfels facies 

metamorphism is best represented along the southern contact where there is a hi ghly folia ted 

amphibolite rock oriented at N30 0 E which is composed of di ffe rent byers that are rich in 

coarse garnet crystals, fine shiny garnets, and coarse quartz crystals with little garnets, in 

addition to the dominant hornblende. Some roof pendants are al so characterized by simil ar 

mineral assemblages. 

These rocks are characterized by relict porphyritic crystals of quartz, plagioclase and 

microcline which are set in fine - grained matrix of granoblastic quartz, that is aggregated 

with epidote and chlorite which also show intimate intergrowth. The quartz are generally 

strained while the plagioclases are twinned and the microclines are perthitic. The garnets are 

coarse grained and exhibit dendritic crystal growth structures, enclos ing many quartz and 

plagioclase. In some cases garnets show intergrowths with those minerals . 

4.2. STRUCTURAL SETTING 

The general structural framework of the region (incl uding the present study area) was 

outlined by Beyth (1971), Garland (1980) and Levi tte ( 1970), and a detail ed structural and 

tectonic features of the Negash Syncl inorium were given by Kidane (1993). These authors 



I 

I 

• • I 

> 

58 

suggested that the region is characterized by a series of synclinoriums and anti cl inoriums 

arranged in an en echelon manner from West to East. 

The present study area is located within the "l-lauzien Recummbent Anticl ine" (Beyth 

1971) and is bounded by the Bereh anticlinorium to the West and the Negash Sync li norium 

to the East. 

The anticlinal nature of the country rocks in the present study area is recognized by . 

the oppositely dipping directions of the foli ations representi ng the opposing limbs of an 

anticline whose hinge was eroded away poss ibly because of the uplifting related to the 

granitoid intrusion. The roof pendants may represent remnants of the country rocks at the 

vicinity of the hinge of the preexisting anticline. 

In the present investigation, no attempt was made to study the structure of the region , 

because it is beyond the scope of thi s study. But the structural frame work of the intrusion 

and the country rocks were investigated based on satellite imagery, aerial photo and fie ld 

work. 

The investigation revealed that the granitoid intrusion is unaffected by any major 

structure except the fault lineament along its western contact, while the country rocks are 

affected by a series of faults at various orientations. 

4 . 2 . 1. FAULTS 

The granitoid stock which is circular in nature shows rather linear contact wi th the 

metavolcanic rocks along the western margin. This is clearly identified from satellite 

imagery and aerial photograph and fault controlled major river of the region. In addition, the 
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western contact is represented only by diorites with no granodiorites, whil e there are two 

small granodioritic satellites that are sub parall el to the contact. This ind icates th at the 

granodioritic bodies were emplaced possi bly along the plane of \veakness created by the faul t 

or reactivated older fault. But the later hypothesis seems to be more plausible because such 

old normal faults are common in the region and extend for about 70 - 80 km along the stri ke 

with a considerable throw some times reaching up to several hundred meters like the one in 

the Negash Synclinorium. Such faults are younger than the fo lding events (Beyth 1971) . So 

the granitoid stock was intruded along either the axial plane of the antic linoriums or 

reactivated normal fault. This is strongly supported by the dominance of brecciated rocks in 

the vicinity which resulted from the effect of the older fault and subsequently sil icifi ed under 

the effect of temperature and circulation of t1u ids related to the granito id intrusion. 

Apart from this consp icuous fault line, the remaining part of the grani toid stock is 

massive, except some minor displacements, fractures and joints. 

The country rocks on the other hand are affected by a series of normal faults with two 

major orientations: 

1. NNE - SSW trending faults which are almost parallel to the foliation direction of 

the country rocks. The magni tude of verti cal displacement can not be detenn ined. 

The faults are evident from the resulting parallel ridges elongated along the regional 

structural grain, each ridge representing a faulted block. These faults belong to the 

Precambrian faults which are part of the regional faul t structure of the Mozambique 

orogeny (Kazmin, 1972) 

2. WNW - ESE trending normal faul ts which are only common in the southern and 

southwestern part of the mapped area. These faults have a throw of up to 30 m, 
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generally dipping towards the south (Plate 4. 2.) and are subparallel to the "Wukro 

Fault Belt" which separated the "Mekele Outlier" from the Precambrian rocks (P late 

4. 3). These faults cut the NNE - SSW ridges in an en echelon manner. The Suluh 

River, which generally flows north - south subparallel to the NNE - SS W trending 

faults, sometimes changes direction to WNW -ESE where it encounters the similarly 

oriented faults. The WNW - ESE faults are much youn ger than the Precambrian 

faults. 

The country rocks are also characterized by minor faults, fractures and joints. 

In conclusion, the major structural and metamorphic sequence of events in the region 

are: 

• Regional metamorphism of the country rocks accompanied by tight folding, resulting in 

the series of anticlinoriums and sync1inoriums (Beyth, 197 1), 

• Faulting along NNE - SSW direction of the country rocks 

• Faulting along WNW - ESE direction of the country rocks, 

• Intrusion of the granitoid body along an older NNE - SSW striking normal fault , 

accompanied by contact metamorphism of locally hornblende - hornfels facies at the 

contact, and late uplifting, 

• 
Weatherina and erosion of the roof rocks and surfacing of the Negash granitoid stock . 

o 
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Plate 4. 'I WNW - ESE trendi ng fault (d ipping south) Sout h of the Negash pluton close to 
the contact. 

Plate 4 3. The fault contac t between Tsal iet group (l eft) and the .-\ di grat sa nd stone 
(right) , which marks the "Wukro fau lt belt" 
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CHAPTER 5 

GEOCHEMISTRY 

A total of 84 samples were collected from the pluton, the country rocks and from the 

Suluh river sediments of which 38 samples are from various parts of the country rocks. The 

remaining 41 samples are from the granodiorites, tonalites, diorites, quartz porphyry dikes, 

aplites, pegmatites and quartz veins; three stream sediment samples and two barite veins 

have been collected. 

The Negash pluton is almost circular and sampling was done from the contact 

towards the centre along five traverses which are at proportional distance from each other; 

the sampling was also directed at representing the various lithologic types and their relat ive 

proportion. 

Hand speclmen were crushed by steel jaw crusher and reduced to pea size and 

pulverized to fine powder using an agate mortar or disc mill. A total of 66 samples were 

geochemically analyzed. The results are treated using the geochemical software IGPETWlN, 

which helped to plot many variation and discriminant diagrams. The plots were discussed in 

order to shed light on the origin, tectonic setting and composition of the various rocks and 

their mutual genetic relationships . 
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5. 2. GEOCHEMISTRY OF THE METAMORPHIC ROCKS 

5 . 2.1. SAMPLING AND ANALYTICAL METHODS 

Almost all the metamorphic rock samples came from areas near to the contact 'vv ith 

the plutonic body, except for a few samples which were taken fro m areas away from the 

pluton. Only trace elements and selected major elements have been analyzed. Based on the 

available data and trace element relationship the composition of the protoliths and the 

tectonic setting of their emplacement is infe rred. 

A total of 34 metamorphic rock samples were analyzed fo r 3 major elements (C:lO, 

N
a

2
0 

and FeO) and 25 trace elements by Instrumental Neutron Activation Analys is at the 

Activation Laboratories, Lancaster, Ontario, Canada. About 30 g of powdered rock sam ple 

was irradiated in a nuclear reactor for one hour . Measurements of gamma ray activity has 

been carried out at different times after irradiatio n, in order to measure the acti vity of both 

short-lived isotopes (e.g. Na) and long-lived isotopes (e.g. REE). The precision of the 

obtained analytical data is variable as a funct ion of the concentration of the elements and of 

the nuclear characteristics of the vario us nuclides. For the concentrations twice above 

detection limits, precision is better than 10, except for Rb, Sr, Ca, Sn, N i which show several 

analytical problems with the INAA method. For these elements, the data must be considered 

as semiquantitative . The obtained analytical data, together with the detection li mit fo r each 

element are given in Table. 5.1. Some of the trace elements including Ag, Ir, Hg, and Cs 

invariablv show concentrations below their respective detection limits, whereas others like 
-' 

N l
' Mo Sr Ta are above detection limits only fo r a few samples. , , , 
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TG 52 \-- -00Sl---=1 _ -O.S -_-O S =-=---SO __ = 26t-- 66~ 44 1.- _ 8}l~_ 2 . 81~=--O cS -_ - _- 2.31- 9j 7 _=.= -3 ~ ~ 
TG53 I -O .OS ! -1 _._ 101_ 1.1 -so l _. 201--. __ 21 1 __ -5 ; _ 1 11 _ 04 ._. -O~I_ 0~ , __ 007 1' __ -3 - -=2 
TG 57 \ -O .OS I -1 14 _ 3? _ -SO 39 1 ____ 48 . _._ 19 , _ 97 , __ -02 1 -.O.S 1.SI __ . 0,23 _ __ -3 -2 
TG58 1 0.2 -1 2.9 -O.S -SO 19 46 : 21 1 2.S; 1.1

r 
-O .S 0.9 0.19 1 -3 4 

TG 61 0.08 -1 3.S 1 ~9 200 1SI-- 37 1 -- 1S ' -- - 3.6 ' - -- 091 07 i 361,-- 0.6S - - - -3 - -=2 
TG64 0.111 -1 [ 0.9 -O .S 169 3S _=~ 89 :_-~_ 48 · __ 9S i ___ 37 i._-_~ 1 , 2 ~ 2.41=0~61_- -3 . _-- -2 
TG65 -O.OS -1 1 6 .1 -O .S -50 8 11 -S ' O.S -0 21 -O .SI 0.71 0.11 1 -3 1 -2 
TG66 -OOS , -1 --~66 =-- -O . S - -SO I_'= - 2 1 1~==-- 28:=_12 :=-=09 : =- 0.4 ; --_- -O.S --- os l --OOS - _ -\ .~-=-_-2 
TG 73 -OOS ! -1 1 16 1 42 -SO l S 6 -S 0.2 -02 1 -0.5 OS l 0.14 -3 -2 
TG 99 -OOS I -_ -11':::'-_:= S -== 2 1 L-=: 89 : ~_ . 381-=]~~":" -~ 31 ; -=- ~8 ~ _ ~ _11 ___ --0.5 , ~ _ - 0.8 --=,0.J 6 ' -3 : -2 
TG 104 -O .OS I -1 1= 24 1 -0 S 99 ! 17 . 42 : 2S , 3.4 . 11 ' -o si . 131 0.2S I -3 -2 
TG110 -O .OS _ _-1 ___ - 1 4 \~- ~-O- S =- _-SO l ---21 --=-491== 24:-_SS:--= ~ 2 1-=-~_ 06 1-::'-_ 1c61-_O.27 1 -::3\- -2 
TG 111 -O.OS -1 ____ 06 _ -=O_~ -SO 'I __ _9 __ 13 _ 12 . __ 29 , _ O.S1. _ -O.SI_ 1.8. __ 0}7 , -3~ 3 
TG112 -O .OS \ 3 38 F 39 -SO 3 9 , -S 091 -02 -OS l ' 0 23 -3 3 
TG 114 -0.05 _- -- -1 6.4 -_-_-2.3 -_ ~- 78 1- 37 = 84 L- SO ' -_1< _-_- OS ; 17 ; _ 99 1 -_ 1 62 \ -3 ' 3 
TG121 0.13 -1 3.3 1 -sol 21 44 ! 21 34

1 
11 1 -OS ! 14 ! 021 ! -3 2 
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TABLE 5. 1. {~) GEOCHEMICAL DATA FOR SAMPLES FROM THE NEGASH PLUTON ~ I .! --- ---- I 
- - . . 1 ( FOR MAJOR ELEMENTS, ANALYSED BY -XRF) -l- - - - 1--- -. -----1 -----I --- --,-----I 

ELErlilEN~S ---=- _-~~ =i Nil21~~l<J219_.-=- AI.li]Oi3f l ~ iO-~] ~.Ic, eaa-. i·M90 . -IFe[2. ]6[31. _~n9. ~= __ mol.2. 1.~- ~[210l51. L OI 
WilTS i ___ __.!,o _______ ~o o~ ____ [0/0_ % ___ b _____ h~ __ _I!~ ___ 1% ___ ~ 10 -
TG 48 I ___ ~ __ 4.46 __ 2.~5 ____ 16,.: 08)_ ~:1 _____ 3.9 1 __ ~ ~38 L ___ 53_11 ___ 007! ___ O~ 0.:,,24 -- 0.88 
TG49 -i-- ____ ~. 09 ___ J... 76 _ 1323 .. __ ~362 ____ 5.92 :_ .. __ 7_.87 ____ 10.45[ __ 9 1 ~j ____ 2.41 0.83 -- 0.7 
TG.JiO_ .1____ .. __ 3:.§l9 ____ ?27 __ .1.:1 .. 55_.! . __ 73.25 1 ___ 035 R . 29L. ____ Q52J. __ 0..:.2.~L_ O.:.O~ ~01 __ -=0;[2 
TG 51 1 ______ C __ O~i_ 0.04 _ ---.l 5.8 1 96 .11 ____ .008 0.42 ! ____ 0.41 ~ __ 00_1! __ ~08 0 ___ 0·_i3 
TG 52 I 2_93 0.87 1336 1 47.13 8.18 1 9 .74 ' 12.73 015 i 2.98 1.13 , 0.81 
TG 53 - 1-- 4.84 ----1.51- 13.43 1 75.24 f ----- 188!-0.8S :- - 1.4 1 -- 0 . 02 ~ 0.22 - --604 1 0.52 

TG 57 - --- 3.87 --=_ 4 .( - 1253 \ __ .If_~41=-~ 068r--02~4 !- - 0.45 :~_- 601 \ O.O,§ r-=_ -O ~OJ I __ 072 
TG 58 3.84 __ 3.99 1 1431 [ _ (37.93 \ 2 .38 [ ___ 2,.: 63 1 337 . __ OO~ , 0.49 1 _ 0.15 0.87 
TG 61 7.21 _ 092 \ 1539 ! _ 743~ i 028 f 0.29 0.44 ~ _ 001 , _ 0.02 . 0.09 l _1 
TG 64 3.77 _ 1.19

1 
1535 1 _51 .9'

1 
_ 699

1 
524 ! 108 ~ 012

1 
259 ! 135 . _ 0.63 

TG65 3.42 _~8~9 _ 13.78 ! ___ ~4..:.39 , 0.42 0 .32 081 : 001~ 0 :...1 ~ 001 ~_ 0.83 
TG 66 4.33 __ 1,:87 13.46 1 _ J 067 L 139 . 0.67 1.23 002 , 0.19 , 001 1 6 .16 
TG 73 4.6 4.43 13561 75 .53 1 074 1 0.22 0.44 0.02 , 0.05 Oi 0.41 
TG 99 3.4 1 - _-_3,57 . 15 68 ! __ ]3.8)8 1 152 ~_ - _ 104 i 263 005 ; 038 ; O~09 j 3.05 
TG 104 4.28 2 .65 , 14.8 1 64 .29 3.15 3.99 4 .87 0.07 0.6 0.17 1 1.13 
TG110 3.04 \ - - 1.45 1 1332 1 - 5 3.75 \ 6 .89 ;-- 7.38 10.17 0.1 3.31 1 054 ; --0.05 
TG 111 A 2.96 ----. - 2 .3 [ 1287 1 --55.85 -- 531 r- - 6.7 , 9.86 011 , 2.44 ' - 0.7 ; 0.9 

TG111B I I 261 1 ~-~.3 11 1 12 .8 t_-_- 54-07 [- 5 . 52 ~_~-~_Z 06 10.5i 0. 13 ' 2.66 , 068 ~-_ 0.79 
TG111C [ ___ I 404 \ __ ~<!~ L 15.69 __ 59.l8 ~_ ~ 69..:.. __ 4.89 . 6 .67 0.08 , 0.8 . 0.24 1 2.24 
TG112 _ I 8.41 ___ 1 J 6 ~_ . 118 ____ 74 .8 1 _P?? ~ __ 029 i 0.47 002 0.04 1 0.02 0.69 
TG 114 I 51? ~ __ g21_ _ 14291 __ 7~5~ ,_ _ ~77 f---__ 049 . 1.27 0.02 ' 016 , 0.01 0.61 
TG 121 I 423 1 2.49 14.311 62.49 1 369 , 5.56 5.22 0.08 077 , 0.24 0.92 
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s. 2. 2. RESULTS 

Major and trace element analysis of the samples whose concentrations are above the 

detection limit are plotted in variation diagrams, and as chondrite and primordial mantle 

normalized patterns. The purpose of the plots are several and include i) to display in a 

graphical form the abundances and variation patterns of the elements; ii) to recognize the 

distribution patterns of the elements that help understand the original chemical nature of the 

proto lith and the behaviour of the elements during metamorphism and metasomati sm. 

Binary Variation Diagrams 

Variation diagrams of the analyzed elements against Sc are shown in Fig. 5.1. Sc has 

been used as the abscissa unit because thi s element is determined with good preci sion and 

accuracy with lNAA. Sc is also present in variable concentrations in the rocks, both igneous 

and sedimentary, and displays a general decrease fro m mafic to felsic composition and from 

pelitic rocks to sandstones. Finally, Sc enters a wide variety of minerals such as amphibole, 

chlorite, pyroxene, epidote, etc. which are stable in wide range of metamorphic conditions. 

Because of the stability of host minerals, Sc is graded as one of the most immobile elements 

during metamorphism and its concentration is a useful reference value for estimating the 

behaviour of other trace elements. 

Two different symbols have been used for hornfelses and for regional metamorphic 

rocks in the diagram of Fig. 5. I, in order to discriminate possible variation in the behaviour 

of the elements during the two types of metamorphism. 

I 
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In general terms, the most evident characteri stics that arise from the data are: 

1. There is no significant geochemical diffe rence between the hornfel s and regional 

metamorphic rocks for most of the elements. 

2. There is a positive correlation of Sc versus. FeO, Cr and Co, in a generally scattered data. 

Co defines parabolic trend with respect to Sc. 

3. Na20, CaO, LREE and HREE show a large scattering of data and no significant 

correlation with Sc. The sample TG 88 shows a very hi gh anomalous concentration for all 

the REE. This sample was collected in the southern part of the pluton from the highl y 

silicified fault breccia along the Suluh River. 

4. Rubidium, Hf, Th and Ba show a poorly defined negative correlation with Sc. High U 

values are observed in the low-Sc rocks. Moreover, Hi' and Rb s 'em to show two di stinct 

trends in the low-Sc rocks . The highest Ba concentrat ion is found in the hornfe ls sampl e 

from the roof pendants. 

5. Zinc, Au, Sn, and Sb show a broad scatter and most of the samples have concentrations 

below the detection limit. 

6. Nickel, Mo, Sr, and Ta are almost always below the detection limit of the analytical 

method used. 
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REE Patterns 

Chondrite normalized REE patterns are hown in Fig. 5.2. The analyzed sampl es 

have been divided into three classes on the bas is of their Sc contents. The rocks under 

investigation display variable abundances and fractionation of REE. Some samples have 

almost flat REE pattern, but the largest nu mber has (LalLu)~ > 1. Many samples have 

significant negative Eu anomalies. This featur is particularl y vi sibl e in the samples with Ie's 

than 10 ppm Sc. 

Incompatible Element Patterns 

plots normalized to the primordial mantle composition of Wood et al. (1979) of 

incompatible elements are reported in Fig. 5.3. These diagrams, simi lar to the REE patterns, 

are powerful tools to display both the absolute enrichment and the relative fractionation of 

the elements. 

The analyzed samples display several characteristics in common. These include: 

1. A moderate overall fractionation of incompatible elements with a fairly high ratio between 

most incompatible and least incompatible elements (i.e. Rb/TbN; BalTbN around 10) 

2. Positive Ba spike in m311Y samples , a feature that is more evident in the high-Sc S3111ples. 

3. Negative anomaly ofTa, which, as mentioned, is always below the detection limit of 

1 ppm. 
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5. 2. 3. INFERENCES ON THE NATURE OF THE PROTOLITHS 

Field investigations during the prese nt work as we ll as pervious studi es have shown 

that the metamorphic rocks of the Negash area are mostly composed of metavo lcan ic rocks 

with subordinate sediments. The mai n objective is that of discriminating rocks of volcanic 

origin from that of sedimentary origin . 

The texture of the rocks, the fie ld relati onships of the vanous rock types, and 

petrographic studies (see Chapter 3) are used to determine the origin . Relict igneous tex tures 

(e.g. relict porphyritic) which is observed in some samples confirms the magmatic nature of 

the rock. Moreover, trace element abundances and rati os as we ll as REE patterns have been 

used for further identification of the ori gin of the rocks. 

The geochemical criteria used to di scriminate between metasediments and 

metavolcanics include the values of the FeOICaO, concentration of Co, Cr and other trace 

elements, and the shape of REE patterns. For instance, FeOICaO ratios around unity in 

conjunction with relatively high concentrations of Co and Cr have been taken as evidences 

for a mafic volcanic origin. High CaO/FeO, typical of calcite rich sediments, in conjunction 

with low ferromagnesian element contents have been used as evidences for a sedimentary 

ongm. 

Based on geochemical and textural criteria, the metamorphic rocks have been divided 

into metavolcanic and metasedimentary rocks, and have been plotted with different symbols 

in the following figures (Figure 5. 4 and 5.5) . In some cases the criteria are not adequate to 

discriminate between the two. 
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The metavolcanic rocks range in composition fro m mafic to fel ic. The mafic rocks 

have high Sc, Cr, Co, Ni , FeO ,CaO and some sampks are enriched in a20 . Their REE 

patterns norn1alized to chondrites (Fig 5. 4 (a) ) show either i) fl at to slight positive 

fractionation with LUN > LaN, which is typical of thole ii tic basalts either fr m island arcs or 

oceanic environments. The high Na20 of some samples is not in contradiction with thi s 

hypothesis, in as much as it may result from metasomatic processes; or ii ) di stinct negati ve 

fractionation (LaN> LUN ), with fractionated LREE and flat or poo rl y fractionated HREE 

patterns, which are typical of calc alkaline andesites or basaltic andesites. The felsic 

metavolcanic rocks show slight negative Eu anomaly, enrichment of the HREE, and low Cr, 

Sc, Co, Ni, and FeO. 

The metasediments generally have lower concentration of Sc, Cr, Co, Ni , FeO and 

higher Ba values than metavolcanics. TheirREE patterns (F ig. 5. 4. (b)) show large negati ve 

Eu anomalies, and generally lower amount of the LRE E than that of the metavolcanic rocks. 

There are some san1ples which diffic ult to group either as metavolcanic rocks or 

metasediments. Most of these unclassified samples are highly silicifled metanlOrphic rocks 

collected either close to the contact with Negash pluton or along the Suluh River. These 

rocks have been strongly affected ei ther by metasomatism or contac t metamorphism. They 

show variable features with respect to the general geochemical patterns that are typical of 

igneous and sedimentary rocks. Some samples (Fig. 5. 4. (c)) show negative Eu anomalies 

and a LREE enrichment. These features could indi cate a fe lsic volcan ic protolith. However, 

these samples also have high Cr, Co and other ferromagnesian elements enrichment that 

conflicts with a felsic vo lcanic ori gin. Other samples have unusual REE patterns 
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(e.g. V shaped patterns) and are anomalously enriched in some of the el ments (e. g. LREE) 

which makes inference of their original composition di ffic ult. 

Fig. 5.3. shows REE patterns fo r rock groups with different values of c. Fig 5.2(a) 

shows the REE patterns of rocks with Sc = 0 - 9 ppm, Fig 5.2 (b) for c = 10 - 19 ppm, and 

Fig 5 .2 (c) for Sc > 20 ppm. The metavolcanic rock samples mostly have c val ues greater 

than 10 ppm, while the metasediments are generall y depleted in Sc. The unclass ified sampl es 

show variable Sc values. In the following di sc ussion on the tectonic implications on ly 

samples for which the volcanic origin the protoliths has been po itive ly con trained are used . 

5. 2. 4. TECTONIC SETTING OF THE NEGASH METAVOLCANICS 

The discriminant diagrams of Wood et. al. (1979) (F ig. 5.5) are used fo r identifying 

the tectonic setting of the metavolcanic rocks. The elements used in the discriminan t 

diagrams (Th, Hf, Ta and La) show relati ve ly low mobil ity in low to medium grade regional 

metamorphism. Wood et. a1. (1979) gave a detai led account on the suitab ili ty and limitations 

of these trace elements. 

According to Wood et. a1. (1979), Th versus Hf binary diagram IS able to 

di scriminate among basaltic rocks from different tectonic settings. On the Th versus Hf 

diagram (Fig. 5.5.(a)), the bulk of the metavolcanic rock samples plot in the same area of 

island arc tholeiites and calc - alkalic lavas from Japan (Wood et. ai. , 1979) 

The Th - Ta and La - Ta diagrams are considered to be useful to separate basal t series 

from converging plate margins from that of MORB (Wood et. al. 1979). The bulk of the 

metavolcanic samples have Ta concentration below the detection li mit , so it is not possible 
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to make a valid conclusion fro m these diagrams, but the rare samples which have Ta 

concentration above the detection limit fa ll within the island arc volcanic rocks of Wood et. 

a. (1979). The low Ta concentration also reinforces an arc setting for the studi ed 

metavolcanic rocks (e .g. Gill, 1981) 

The biaxial discriminant di agrams have some li mitations because only basal ti c rocks 

can be successfully discriminated. But the metavolcanic rocks considered here include some 

intermediate and felsic compositions. Wood et. a!. (1979) prov ided a tri angular di scriminant 

diagram based on Th - Hf - Ta, on which fel sic volcanic rocks can be plotted along with the 

basaltic rocks, and constraining the tectonic setting of the rocks with variable degree of 

evolution is possible. The bulk of the metavolcan ic samples plot in the fie ld of the magmatic 

rocks from destructive plate margins, on the Th - Hf - Ta tri angu lar diagram (F ig. 5.5 (b) ) of 

Wood et. al. (1979) only a few samples (sample TG 47,7 1,98) plot on the E - type MORB 

basalts. It must be noted that these samples also have unfractionated REE patterns or have 

positively fractionated LREE. These features are typical of MOREs and may represent an 

evidence for their presence in association with arc type rocks. In conclusion, The 

metavolcanic rocks presumably formed in an intraoceanic volcanic arc type setting. In this 

context, the MOREs may represent the abyssal tholeiites that fo rmed that formed at the base 

of the calc alkalic vo lcanic arc. 
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CHAPTER 6 

GEOCHEMISTRY OF THE GRANITOIDS 

A total of 22 samples collected from various parts of the Neg3sh pluton, as we ll 3S 

from the aplite, quartz porphyry dikes and pegmatitic dikes w re analyzed for majo r and fo r 

some trace elements using X - ray fluorescence (XRF). In add ition, 21 trace elements and 8 

REE were determined by Instrumental Neutron Acti vation Analys is (lNA ). Some elements 

(CaO, FeO, Na20, Rb, Sr, Ni, Cr, Ba, La, and e) have b en analyzed using both XRf and 

INAA. The two methods show general agreement, eventhough the rNAA data show 

consistently higher values than those from XRF. Moreover, there is po r correspondence for 

Ni and Ca, attributed to the analytical problems with lNAA for these e1 ments. TherNAA 

data for these two elements has been disregarded. 

XRF analyses were carried out at the Dipartimento di Scienze della Terra, University 

of Cosenza, Italy, using pressed powder pellets and using the method of Franzini et al. 

(1972). Precision for the XRF data is better than 5 % for Rb and Sr and better than 10 % for 

all other elements except Nb. Certified Re fe rence Materials were used to check the accuracy 

of the data. Accuracy is good fo r all major and trace elements except for Nb. However, thi 

element has poor accuracy for rocks whose Nb concentration is above 25 ppm, as in the case 

of the standard samples BR, NIMG, GSP 1. This does not affect b concentration data lower 

than this value. 
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The data are treated in various ways u ing binary and tri angul ar variati on di grams, 

petrologic (classification) diagrams, di scriminan t di agrams, normati ve mineralogical 

diagrams, REE patterns, and mantle-normali z d diagrams. Ba ed on th e, the compos ition, 

the petrogenetic evolution, and the tectonic etting of the intrusion arc di scu ·sed. 

6. 2. COMPOSITION OF THE INTRUSIVE ROCKS 

The petrographic studies made on sample co ll ected fr m the intrus ion r vea led that 

the rocks range in composi tion from granite, through granodiorite, tonalite to diorite. The 

geochemical data is in agreem nt with the petr graphic re ul t 

Class ification Diagrams 

All the samples analyzed are plotted on the di agrams of Le Bas et al. (1986) and Cox 

et a1. (1979) which use the re lationship of the Alkali s (Na20 + K 20 ) versus silica (S i02) for 

classification purposes. The data show a fairly good conespondence on both diagrams (Fig. 

6. 1. (a) and (b)). The pegmatites, aplites, and granitic dikes plot in the granite field on both 

diagrams. The quartz porphyry dike fall s in the granite fi eld of Cox et. a1. (1979) and in th 

granodiorite fie ld of Le Bas et. al. (1986). The rocks classified as granodiorites on the bas is 

of the modal mineralogy (S treckeisen, 1979) plot in the granodiorite field of Le Bas et. 

a1.(1986) but in the granite field (close to the boundary line to the granodiorites) of Cox et. 

al (1979). The tonalites all fall in the monzoni te fi eld of both Le Bas and Cox diagran1s. All 

the rocks classified as diorites on the basis of petrography, plot in the fi Ids of di orites and 

gabbro ic diorites of the chemical classification diagrams, ex pt for a singl sampl which 
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fall in the gabbro field. 

Based on the petrographic and geoch mica l studi s, the plu t n i c mposed r 

granodiorite, monzonite, diorite, and gabbroic di rite and is cut by numerous grani tic, 

aplitic and pegmatitic dikes . Field evidence indicates that thc rocks of mafic-intermed iate 

composition, i.e. diorites, tonalites, and granodiori te are the dominant types. Granites are 

subordinate and occur mostly as hypabyssal bodies. Aplites and especiall y pegmatitc are 

mmor. 

All the samples lie in the subalkaline fi eld of the alka li s versus sili ca vari ati on 

diagram (Fig. 6.2.) indicating that the whole in trusive rock have ubalkali ne nature. K20 

versus SiOz diagram (Peccerillo and Taylor, 1976) (Fig. 6. 3) indi c llc that the bu lk of the 

investigated intrusives represent a high - K calc alka li ne suite . H we ver, a group f 

hypabyssal rocks represented by aplites and pegmatites show low - K contents. Other dike, 

i.e. quartz porphyry and granitic dikes, plot on the same trend as the intru ive rocks and 

possibly represent the most evolved rocks of the in trusive sui t .. 

Normative Mineralogy Diagrams 

The CIPW normative mineralogical composition of the analyzed samples have been 

calculated. All the samples are oversaturated in silica and contain signi fi cant to high amounts 

of normative quartz. The normative mineralogy has been used to classify the analyzed rocks 

in the Streckeisen (1975) classification di agram (F ig. 6. 4). Since littl e or no pure albite has 

been observed optically in most of the analyzed rocks. except pegmatite TG 51, all the 

normative albite was added to normat ive anorthit to fo rm plagioclase. Accordingly, only 

normative orthoclase has been plotted on th alka li ~ Idspar apex. The diagram hows that 
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1 = Arc tholeii tic sui tE 
2 = Calcalkaline suitE 
3 = high-K calcalkalir 
4 = shoshonitic su ite 
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the plutonic rocks and the quartz porphyry and granite dikes d fin a tr nd rangIng from 

quartz-monzodiorite to gran ite. Instead, the aplite and pegmatite plo t within the t nalit to 

quartz-rich compositional fields. 

Major Element us. Si02 Variation Diagrams 

The Harker di agrams for the maj or and minor elements are sh wn In Fig. 6. 5. 

Among the major and ml110r elements Ti0 2, P20S, Fe20 ], [eO, Mn , aO, show ve ry 

distinct and strong negative correlation, wh il e Na20 and K20 sh w a p itive co rrelation. 

However, the aplite and pegmatite rocks di splay a negative tr nd of i02 v r us K20. Two 

ap lite samples also di splay anomalous enrichment in a20. IzO] shows an increase and 

then a decrease with increasing sili ca con ten t. The dioriti c - monz niti c rock show hi gh 

concentrations of Ti02, P20 S, Fe20 ], FeO, MnO and aO than the granodiorite - granit ic 

rocks which are more enriched in alkalis. 

Trace Element us. Si02 Variation Diagrams 

The variation diagrams of the trace elements versus Si02 (F ig. 6.6) give cons istent 

results that mimic major and minor element patterns. Among the trace elements the 

ferromagnesian elements: V, Cr, Ni, Sc, Co, and Zn show strong negative correlation with 

si lica. Y and, to a lower degree, Sr also decrease with increasing silica contents. Zi rconium 
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increases in the mafic samples to decrea e in the ~ I ic rocks. om sampl s di play hi gh Zr 

contents with respect to other rocks with the sam si li ca cont nt . Th rium and Rb h w 

positive corre lation with Si02 with a strong in rea e in the m t frac tionated intrus ives. 

Tantalum, Sn, Sb, Au, As and Mo have concentrations below the d tec ti on limit . All the 

REE show negative correlation with Si02; ho weve r th re is a large catter of data points in 

the most felsic rocks. LalY ratios show an overall increase v ith i0 2, reaching ve ry hi gh 

values in some of the most acidic rocks. How vcr some dik s have I w LalY rati os (Fig. 

6.7) . 

Triangular Variation Diagrams 

The AFM and ACF diagrams are shown in Figur s 6. 8 and 6.9. The samples plot 

near to the alkalis corner and there is a clear trend of frac ti onation from the dioritic rocks 

which are equally emiched in Fe20 3 and MgO or Fe20 J and CaO, to th granodiori tic and 

oranitic rocks which are emiched in alkali s. The bulk of the sampl es plot in the calc -
I:> 

alkaline compositional field with a few samples plotting in the thol eiitic field. 
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REEPattems 

The REE patterns normali zed to chondri te (Fig. 6. 10) show variable shapes. The 

mafic rocks have fractionated patterns for b th LRE · and H RE .. smal l p si tive u 

anomaly is present in some samples . The in t rm diatc rocks show similar pattern as the 

mafic rocks, although the abso lu te abundance or R:. becom s li ghtl y lower. The fc l ' ic 

rocks display very vari able patte rns. Som sampl s have smooth pattern and rescmblc the 

intermediate and mafic intrusives while others di play more c mplex patterns with negati ve 

Eu anomalies and in some cases, of Ce and , cldlye nough, m. tr ng enri chmcnt in I RE 

is also shown by some samples. 

6. 3. TECTONIC SETTING OF THE NEGASH PLUTON 

The tectonic setting of granitoids can be r cognized by the trace lement - Si0 2 

variation diagrams and trace element discrim ination diagrams of Pearce et al. (1984). 

However, there are some problems with trac elem nt discrimination diag ams fo r granitoid 

rocks, as it will be discussed later. 

Trac~ Element - Si0 2 Variation Diagrams 

Si02 variation diagrams fo r Rb, Y, Ta. and Tb have proved to be very good 

di scriminants of granitoids from various tectonic settings (Pearce et aI. , 1984) . All the 

analyzed samples fo r the egash intrusion are pl otted in thos vari ation diagram (Fig. 6 . 

11 ) and all the di agrams invariab ly indicate th ame type of tecto ni c setting [or all samples. 
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In the Y - Si0 2 and Nb - Si02 vari ation diagram al l the amplc pi t in the fi Id r V 

(volcanic arc granites) - COLG (co llision granit s); in th b - i 2 and Ta - 2 diagr ms 

they plot in the VAG field . 

Rb - Y - Nb and Rb - Yb - Ta Discrimination Diagrams 

Variation and abundance of these element ar proved t be very rcl i bl In thc 

discrimination of tectonic setting of granito id . All thc analyz d ampl fro m th I cgash 

pluton plot at the top of the VAG field in Rb vs. (Y b) and Rb vs. (Ta Vb) variat ion 

diagrams and in the field of VAG + syn OL field in th b v . Y di criminant diagram 

(Fig. 6. 12). These plots favour a volcanic arc tectonic etting D r the Nega h plut n. 

The tectonic setting of the m tamorphic rocks intruded by thc gash plu ton indicat 

a vo lcanic arc tectonic setting of subducti on nature, which favou rs thc c nclusion that the 

granitoid body has a volcanic arc setti ng. 
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6. 4. PETROGENESIS 

The data obtained in the pre nt work all w to draw a model C r the pe tr gen si f 

the intrusive rocks unde r considerati on. This has a t wo~ Id obj tive in unde r tanding the 

genesis and the evolutionary history of intrusive magma as we ll as or hedd ing light on the 

poss ible relationship between magmatic proce e and th mineralizati on vents whi ch have 

been observed in the country rocks (see Appendi x ). 

In discussing the petrogenes i of the ega h plut n b th fi eld relati n hip and 

geochemical data must be taken into con iderati n. Field w rk has hown that the grani toid 

body consist of large amounts of mafi c t intermedi ate r k with mi n r ab undance of D I ic 

rocks. The mafic to intermediate rocks contain ab undant h rn blende and bi tite with minor 

pyroxene. The volume proportion between mafi c and felsic rocks hould bec me even hi gher 

at depth. In fact, due to den ity diffe rence and relative buoyancy, the ilici c magmJ move 

upward and, that explains the abundance of D Isic compo ition in the ex posed part of the 

Negash pluton, and should not be representativ of the whole plutonic mass. 

Major and trace element variation diagrams have shown that most of the intrusive 

roc ks define regular patterns which can be interpreted as liquid lines of descent. On the 

contrary, the felsic rocks show no patterns, with many sam ples plott ing outsid the trends 

defined by the bulk of the intrusive rocks . 

These data suggest that the generati on of ega h pluton was principa ll y governed by 

evolutionary processes starting from parental mafi c magmas. Fractional crystalli zation 

appears to have been the most important proc ss duri ng magmatic evolut ion. HO\i"ever. it 
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cannot be exclude that there was some a imil ati n f um r keen th ugh is t IC 

investigations should be carried out to estab li h the r Ie [this r ce s. 

The scattering of data on varia ti on diagram sh wn by the Isic r ck d e n t 

fit the simple fractional crystalliza tion model which can exp lain the bulk the plutonic 

mass, and these rocks require som alternative xp l nati n. 

In the following paragraphs attempt wi II be d n t di s uss in a greater detai I the 

genesis of the bulk of the plutonic ma . in rdl.:l' t put qu nt itati ve c n traints n the 

minerals invo lved in the fract ionation and eventuall y a imil ti n nd n the v lumes f , , 

mafic magmas required to give the b erv d re idual m Its. M re ver, thc p ib le 

mechanisms which generated the cart ring in the !em nt I distributi n f the m st fe lsic 

rocks, will be discussed. 

Geochemical Modeling 

Quantitative modeling has been atten:pted in order to put constraints on the genes is 

of the Negash pluton. The results of these modeling are r ported in Fig. 6. J "' , Fi g. 6. J 4 Fig. 

6. 15, Fig. 6.1 6 and Fig. 6.17. Values of bu lk paliition coefficients are given in the fi gures. 

Each dot along the lines represent 10 % fractionation . 

Modeling based on Th versus silica (fig. 6. 13 (a)) indicates that the entir suite 

of the plutonic rocks, including some of the dikes, can be xplained by extensive fractional 

crystallization starting from the most mafic magmas . lightly incompat ible behaviour 

should be assumed for silica, whereas Th should behave a a strongly incompatible lement 

with D s/l = 0.05 . This requires that the mi neral pha \. hi ch eparated during fractionation 
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did not host Th in their lattice . This occur in aim st all the m j r rock rming minerals 

such as feldspar , amphibole and pyrox ne. 

Modeling of Rb variations (F ig. 6.1 3 (b)) in Ica te that the b rved incr ases in 

Rb cannot be accounted for by simple frac ti nal cry talli ti n, als ir a 0 = 0 i a ume ~ r 

Rb. In other words, there is an exceedingly hi gh increa e in Rb which i ' inc nsist nt with 

simple fractional crystallizati on. AF (ssimi lat ion plu . r cti nal rys talli _:1ti n) 

modeling with assimilati on of uppe r crus tal mat rial wi th a c mp iti n a tha t ome r the 

analyzed metasediments can account for the an mal LI S increa e in Rb b crved In the 

intrusive sequence. Accordinoly, Rb mod ling sugge t th:tt I- rath I' than simple may 

be a better model for the Negash intru ive uit. The F pr ce c uld ha e given 

important effects only on some element (e.g. Rb) and not n others ( .g. h).The m del 

based on Th and Rb are not contradictory. The str ngly incompati ble beh;wi ur of Rb 

suggests that biotite, which is the only common rock formin g minera l which hosts Rb , did 

not play an important role during evo lution. 

Variation of Y versus Si02 (Fig. 6. 14 (a)) for the intru ive sui te indicates that Y 

behaved as a compatible element during evolution. Geochemical modeling suggests a Dy = 

2. Y can enter in the lattice of hornblende, but also in ome acc ssory phases such as zi rcon 

and allanite. However, zircon does not appear to have separat d until the intermediate stages 

of evolution (see next paragraph). Thjs leads to the conclu ion that hornblende 'v\'as a maj r 

separating phase during the entire evo lutionary hi story of the pluton. Gill (198 1) gives DslJ of 

Y in hornblende around 2-3. The need of as uming a Dy = 2 in the model implies that 

hornblende was by far the most im portant separating phase during 
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Modeling of Zr variation (Fig. 6. 14 b indic t that thi elemen beha cd s an 

incompatible element in the mafic - intermediate r cks and e m c mp tible in the most 

evolved magmas. As already mentioned th i chang In ehav iour f Zr uld ha e been due 

to zircon separation at the advanced stage of luti n. 

Ba has a behaviour very simi lar to Zr (F ig. 6. 15 (a)) , in the sen - that it i init ia ll y 

incompatible and becomes compatible in the m t advan cd tages di fferenliation. The 

modification in the behaviour of Ba coul d b attri buted t th eparati on f p lass iul1l 

feldspars that are the main minerals that ho t Ba. Bi tite cou ld al - h st s me Ba, but it role 

has been excluded by the strongly incompatible behavi ur f Rb . 

The content of Sr (Fig. 6. 15 (b» i an mal u Iy hi gh in a group f ma fic r ck s. 

It is likely that these high values could be the ffe t of plagi cl ase aCCU I ul at ion. 'hi is in 

agreement with the positive anomali es of u bserv I in th I E pattern f ome Olaf! 

samples. In other intermediate samples r behaves a a mild ly compati bl element (0 = I) t 

become more strongly compatible in the ac id r cks where the role f D Id par fracti onation 

becomes more important. 

La shows an increase 10 the most mafic rock with incr asing evolution and 

decreases in the intermediate to felsic rocks. Accordingly, La and other LREE (not shown 

here) have a twofold behaviour during evolution. Since LREE are not hosted by any maj or 

rock _ forming mineral , thi s mod ification in compatibility cannot be du to fractionati on of 

any major mineral phase. However, apatite i able to host LRE In it lanic and its 

separation could account for the change in the behaviour of LRE . Thi s is support d by the 

positive correlation between P20S and La and by g ochemi al modeling of the two el ment 

(see Fig. 6.16 (a) and (b)). 
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Ferromagnesian elements (Fi g. 17 ( ) and (b)) di s lay a re ular decr as 

during evolution. This i consi stent with the c ntinu separa 1 n of h rn lend ve n th ugh 

the D s/l values used in the mode l are much I werthanth alu sgivenby ' ill(l 8 1). 

With regard to th m st ~ I ic r ck , mo t r the av, ilab le data d not fit several f 

the evolution models which have been cal ulall;d t e:-:p lc in the ev luti n f the intru ive 

rocks. However, it i well known that re. idual li quid ' which are left behind cry t Ili zing 

intrusive magmatic bodie hav widely variable com siti n (e.g. larke 1992 and 

re fe rences therein) . Th is is obs rved in everal grani to i b die tudied ar und th w rid 

(e.g. Bellieni et aI. , 1992). This particular b havi ur f the re idual melts ari e fr m the fact 

that they represent interstitial liquid of exten ive ly crystalli ed magmatic b dies. I {ence , 

their chemical compo itions may how e:-: treme variati ns, depend ing on the compos iti on of 

the crystallized minerals. Accordingly, the I w K and Rb concentrati ons f s me dikes 

indicate that they represent residual int r ti ti all iq uid of intru ive magmas which had air ady 

crystallized large amounts of potass ium feldspar and biotite. On the other hand, the low Th 

of some dikes may indicate that these liq uids were interstiti al to r cks which had crystallized 

allanite or other Th-bearing minerals. 

The res idual interstitial liquids wh ich are left at the latest stag s of the crystalli za ti on 

hi story of plutonic rocks, are generally concentrated in the central pa11s of the intrusive 

bodies, which are the latest to crystalli ze. H nc , they are able to in rude the external rocks 

of the intrusion along fractures r lat d to vo lume r duc ti on of the coo ling magma b dy . Thi s 

explains why aplites and other strongly acidic rocks cut through all th lithologi s that form 

the intrusive mass under study. 
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IN CONCLUSION th , th egash lu n an b~ 

summarized as fo llow: 

1. Mafi c magma was emplaced with in a magm cham er wher it unda we nt frac ti nal 

crys tallizati on and moder te a simil ti n (r = .") f upper crust31 mate ri I. 

2. The minerals which played a key role during m, gma ic cv luti n wc r : 

a. Large amounts of h rnblcnd which wa a Ii ui U ' ph during th entire 

stages of evo lution. 

b. Plagioc lase was al 0 3n imp nant eparating ph sc, e pecially in the 

intermediate- ac id magmas 

c. Alkali fe ldspar started t cry talliz in the intermed iat -, id magmas a 

indicated by the change fthe geo hemical behavi ur f a. 

d. Zircon and apa ti te w re main crystalli zing ccess ry phase · which tarted 

to separate from the magma in the intermediat st ge 

e. Biotite was not a majo r separating phase. 

f. The latest residual liquid are repre nt dither by true melt or by 

interstitial liquid whose unusual c mp iti n wa · very much a func ti n of 

the mineral phase with which th y we re in contact. 

The main petrologic implications of the abo v conclusions could be: 

1. The continuous separation of large amount of h rnblende did not allow th 

production of residual liqui ds ri ch in vo lati le component. This may be an 

explanation fo r the observation that pegmatitic rock ar not 0 abundant in the 

studied area, in spite of the fact that the outcroppi ng rock repr sent the apical part 

of the pluton which would be expected t be rich in vo lati Ie . 

2. The separation of acces ory pha es did not allow th r idualliquid to b enriche 

in incompatib le trace elements (Th, , Zr. LRE ) v,·hich c uld be found in the 

aplites and pegmatites. 
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CHAPTER 7 

GEOCHEMICAL ANOMALIES AND ECONOMIC GEOLOGY 

7. 1. GENERAL 

The search for mineral depo it in th pr en t tudy ar a dat d b ck t 197 1 by thc 

Ethiopian Institute of Geolog ica l urv y ( Hago 1 71, Watt r and W. Rufa 1 197 1) when 

geochemical stream diment sampl ing in the Mari am Adi e La r gi n ( uth ea t f 

Hauzien) revealed anomalou values ~ r Zinc, Lead and me pper which oincided In 

place. The ongIn of all the elem nt wa ascrib d by Be, th et. al (197 1) t be 

hydrothermal and to be connected with the last pb s r Mer b mnlte inlrusi n (the 

grani toid stock). Although the Ethiopian In titute of Geological urvey in tended t carry out 

further investigations in the area, it wa not im plement d and n ther explorat ion wo rks 

have been carried out in the area until the presen t invest igat i n. 

The present investigation re vea led the occurrence of varIOUS pegmati tic and 

hydrothermal mineralizations which are locally igni fican t. lthough th ampling was not 

systematic, the obtained analytical data and field in ve ti gat ion in the granitoids and th 

country rocks allowed to identify geoch mica l anomalous sampl and to pin point areas of 

potential interest for mineralizations. Th stream sediment samplin", data by the previous 

investigators is also interpreted and systemati z d t defi ne the min rali z d zon for Zi nc and 

Lead. 
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7. 2. GEOCHEMICAL ANOMALIES 

7 . 2. 1. ZINC - LEAD ANOMALIES 

At the begi nning of the pr S nt inve ti ga ti on, the e ' is ing ge cl emi al d ta n the 

area (although very scarce) wer studie and ystemali zed. Th fi r ·t stream ediment 

samples co llected from the Adi De tc area by sefa (I 9) r ul ted in pr mi ing an malies 

for Zinc (3300 ppm) and to a Ie er extent for lea (0 pm). a 'cd n thi s result, further 

sampling by Hagos (1971) was carried out in the ar a an the results h wed int r ting 

patterns. Approximately 20 q.!un area w ampled and a t tal f I 5 amples were 

collected. The sampling site and th respecti ve r suits r r Zinc and cad ar rei r sent d in 

Fig 7.1 and 7.2 . which are modified fr m Hag (197 1). 

Zinc shows anomali es and the hi ghe t c ncenlrati n ar found in a narrow zone 

trending North East. The highest value for ead wa found ut to be 600 ppm and 

corresponds to the highest Zinc va lue . The maximum value for opper wa onl y 179 ppm 

and also corresponds to the hi ghest value of both Zinc and Lead. 

The same area was further investi gat d by Watter and W. Ruffae l (197 1) who 

sampled soils and rocks in addition to stream ed iments. Tw ampling programs showed 

similar results where the highest Zinc va l ues r ach up to 3'" 00 ppm, the regional thresho ld 

being 140 ppm. Stream sed iments r suited on ly in no mor than 80 pm 

Soil samples showed up Pb con entrations to 2r ppm. The hi ghest alu s for lead 

coincided with the ru ghest values for Zinc. ilver assay weI' perfOimed on the il samples 

which were strongly anomalou fo r Lead and Zinc. and nl y th sam pl c ntaining ., "00 
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ppm Zinc was strongly anomal us at 1.5 ppm il 

Zinc, Lead and Silver exactly coin id d '. ith th 

covers about 8 sq. km. 

r. he area hara l ri ed by an mal u 

arrov.: ne" f Hag (1971) and 

The anomalous belt ext nds on both side [ lh uluh Ri ve r. he dr in3g p llem in 

the area indicates that the poss ible ources f thc an m li e In thc il and in the trc3m 

sediments are the ridges which are on ithc r id . f the riv r close t the I cali n f the 

stream sediments. Those ridges are drained by trcam which arc tributarics of the uluh 

River. 

Those ridges have been inv stigated in s me detai I in th r cnt tud y. Thcy ar 

constituted by chloritic metaba alt wh ich arc cut by quartz porphyry dike. The ri dge cl se 

to the highest amomalous zone is affected by an ex en ive bclt of quartz veins tr nd ing 30 

DE almost parallel to the anomalous zone. The quartz ve ins are ri ch in pceularites and ir n 

hats (hematites). But they contain no indicati n f Zinc and Lead ulph ides 

(mineralizations). At the top of the ridge th r are arite ve ins within p tassie alterations. 



\\ 7 

Gt JCHEMICAL SAl ,1 LI 'v 

N 

, , 

SCALE 1: 25000 

\ 
\ , 

\ 

....... 

, , 

, ~DI DESTA . TI GRE 

I C 

c:­
L EGE ND 

( ) ,. ~'''''''' J 

( ) , ! - s.' ;ot"ft 

" 1 - 17 1""" 

A.v... (S i'1 .llOt< ~P1IO" 

C ,(F C ><ST , ~ JU.)<~ 

s .. ~(O i'1 'rQSI:?H ..... GOS 

C)O:~ , r< s I'OI( T( SV'T( t< R ''''2'_ ) 



I , 

., . '. 
, 

N 

\ 
\ 

SCALE 1:25000 

, 
\ , 

\ , 

1 \ 

GEOCHEMIC.t\L SA PLI G-

\ 
\ , 

\ 

ADI DESTA, TIGRE 

LEA D 

~/ I 

-
L E G E N D 

0 > "(00'" 

0 n ')~,. 

0 CI n ,... 

0 < " Wo""1 

J SASEO Oil S ATlS CAL Ar<J,U 

E5 ~ Y jJ C AS SO'lP1 ON 

EF O<EHS 1 : So KA><Ci'JtE 



II 

7.2.2. GEOCHEMICAL ANOMALIE S BASED O N TRAC' E LEMENT 

ANALYSES 

One f the ge ch mi I pr blcms the r the pur se f th 

present the i i th t f d tecting sible l ' hemic I n rn li e th t an be us d a to Is 

~ r future d tail ed ge ch mi I pr 

when the backgr und alues ~ r the 

'e chemica l n mali s • n e detecled nly 

'k t pc h . een e tabl ishcd. In e eral a e ' 

the Clark f the di f~ rent element · ~ r ri U ' r ck ty es I Ll cd a ackgr und value . In 

other c se th backgr un i ca lculatc I 

significant dat bl ined ~ r r ck fr Il1 the reg i n. 

number of amples Il ected fr rn if ercnt I ca liti 

y cxtcn 'i c and tati sti all y 

u ' ly. thi ' rcq uirc th l a larg\.: 

en rcgi n, must c ana ly- d. 

Fo r the purpo e f the I re ent , tudy' limi te am unt f sample \i ere c llected away 

from the pluton and in zone that id nth \i eV I enc f any kind r mi neral iza ti n. The 

values of these rock \i ill be u , 111 C nJLln li 11 wi h the lark ~ r vari u t pc; f igneou 

and sedimentary r cks and f averag rusta l lue Ta 'l r and Mc nnan, 1985). as 

reference value to e tabli sh ge chemicall y an mal us samples. sugg s e by ev ral 

authors ( . g. Ro e et. ai, 1979) , a valu m re th n twice the reference alue of appropriate 

rock types wi ll be con idered a an ma l u . 

Table 7. I . reports abundance of orne economically impOl1an l trace elements for the 

upper continental crust I wer conlin ntal cru l and e eral ry e of igneou and 

s dimentary rocks (Taylor and 1cLennan, 19 - ; Rose et al" 1979). Data for the rocks 

co llected away from th I ega h pluton in non-minerali zed zone ar als r\.:p red . The 

comparison betw n th s data and th e btaine for the nalyzed intru ive and 



metamorphic r cks all 

120 

nclu n he mplc th t sh \\' e chcmi 

anomalous concentrati n f th kment unde r nSI cr ti n. 

Cr - The abundance f thi ekm nt in the analyzed mctam rphie amples range from 140 t 

10 ppm. one of the value can be c nsidc red a n m I u , ina much th y fall well 

within the rang of va lue th refer nc r k '. The amc w rt h true le r the ma Ie intru i\'L: 

rocks, except perhap ~ r ampl T ~ 2 that h \ s rather hi gh r = 5 ppm, a lue that is 

not uncommon in many mafi e r ck . In ·tead, the granitc ' lid gran di orite ' di spl ay 

abu ndances that m y be an mal U ' if' mpare with ve rag v lues f aeid r cks. 

However, it is li kely that the e n malou c nccntra ti n may c an arti fac t r ample 

preparation acqui r d during cru hing in the ·teel jaw r sh r. Bas d n thi s, it mu t b 

concluded that th i element d es nth w ignifi 'an t l n maliL: in the analy ed samples. 

Ni and Co - No anomalous sample have been foun either am ng the metamorphic or the 

magmatic rocks. 

Zn - Anomalou value has be n found I II ne metavo lcan ic r ck and strongly anomalous 

concentrations have been detected in ilicitie metavolcan ic r ck. Both samples wer 

co llected southwest of the pluton along the uluh ri ver. mong intru ive rock an aplite and 

a pegmatite sample are strongl y anomal us. 



Elements 
Cr 
Co 
NI 
Zn 
As 
Me 
Sn 
Sb 
Ba 
La 
Yb 
Ta 
Au 
Th 
U 

Elements 
Cr 
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Zn 
As 

Sn 
Sb 
Ba 
La 
Yb 
Ta 
Au 
Th 
U 
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32 23 5 

' -27 55 
053 ' 

_ lOr--
39 17 

Negash Metamorphic Rocks 
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,no t 
no , 
no 

'TG 127 t r 

:TG 7 1, TG 120, TG 124 

~ no 
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tTG 92, TG 100 ' , 
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,no 
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no 
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4 

12 
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DIOrites and lonalltes 

'TG 52 , 
: Gramtes (Including pegmalltes and aplttes) 
,all are strongly anomalous 

,no 
no 
no 
no 
no 

' all are anomalous 
no 

' TG 4B, 49 , 64 , 104, liD, 
TG64, 114 

' no l 
,no 
no 
TG 114 

' TG 49 , 114 

below detectIOn limit 
; below detectIOn IIml 
TG 50, 61 
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no 

' below detec1lon limit 
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no 
no 
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A - everal am met morphi r k h c h wn an m I us lu . In c. d, the 

intrusiv r ck ha n t n , c. C ' l inglc s m Ie. 

The anomal u metam rphi c r k ar It nd c me fr m ercnt areas. 

Mo - igni ficant an m li e ha e e n dete teu In the met m r hi r ck . In lC d, 

several ample f ac id intru e r k are an mal us. 

n - There ar a veral ample I' th the intrusive and the m tam rphi c s quen e that 

show value ' above th detec ti n li mit I' 10 ppm . The 'c ample ar c c n idered as 

anomalou B r tin , i e th backgr und aluG for thi ment is at a k el I' a fe w ppm G r 

almost all the r ck type . a d n I eSc criteria. m st r the acid igne u rocks ar 

anomalous ~ r 11. Among the metam rphic rock, the largest num er f an mal u sample 

come from the contact with the plut n, vent th ugh a few ampl e tl ec t d away from the 

intrusion also hav ano malou concentrati n . It i f intere t th at there is n particular 

concentrations of an malous sample along the uluh Ri ver valley, which ha furni shed the 

largest nwnber of anomalous sample for several elements. However, it must be pointed out 

that, because of the high det ction limit of the IN m thod, the an malous amples for n 

could be much more abundant than prese ntl y recognized. 

Sb - A few amples of metamorph i rock ha e ho\ n an malou alu . Thes amples all 

come from the Suluh River valle .. 
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Ba - hOy an ma l u alu In e er I am Ies. II wcver, it mu e re aIled that B 

displays vely v ri 

establ ish which c n 

I m hi r ks nd i i ' difficult 

II we e r, il mu t e 

menti n d that, am ng met m rphic r the hi hc "t Sa alue h 'e been und in the 

rock fr mar f p nd nt n th entr, I p rL r the lUI n ""here b rile ein " hav b n 

ob rv d. Amo ng intru "iv r ck hi gh alue ' rc "h \ n by " me mafic r ck . Il ow vc r, 

the va lu d n t nee aril indi cat cc n ary pr ces c ·, but may be pri stine alue " r 

mafic r ck whieh ft n h w n entrati n ' a high as 20 ppm. 

REE - Few ample ar an m I u. hese include T (9 which i ' 

breccia from the uluh River valley. 

ili cifi d metav lcani~ 

Au - everal metam rphic rock di pI Y an mal u g Id ncentra ti n . Th s con ist 

mostly of intermediate metav !cani . The an ma l u sampl mo tly c me from the uluh 

Ri ver valley. Two sample are contact r k coll ec t 

ano malous samples have been D und among th intrusive r ck . 

t rn part of the pluton . 0 

Th and U - Uran.i um hows anomalou c nc ntration in several metamorphic rocks and in 

two intrusive sample. The large numb r f ample come from the uluh Ri er vall y. 

wi th two samples co lI cted from th r f p ndant on the c ntral art f the luton and from 

the eastern contact. Th does not display an malie , except in one singl di rite ampl . 
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7 . 3 . CONCLUSIONS 

From the dat illustrated a e e eral n IU'i n an be dr wn n the 

mineraliza ti n event wh i h h e a e led the area und ' r in e ti g ti n. The da t rurn ish 

impon ant informati n n t11 tcnti II m tin t re ting area in \-\'hi ch runhe r e hem i G I 

and geo logical cxpl rati n h uld c carne ut. 

1 - The intru ive rocks, inc ludin th m t ev I ed nc ', ha e n t 'h wn igni fi cant 

geochemical an mali e In m f thc el m nt under n ide rati n. :, pti ns are Zn, 

Sn,and Mo. m ng th , M how ' n an mali c in th 1l1 ct< m rph ic r ks. hcse data 

uggest that the ev luti n f the egash magmatic dy gen rat lim it · minerali zing 

fluids in the latest r idual r cks and in the c untry r ck. n , nd n mincrali zati n, whi ch 

are detected in tbe h t r ek and t me xt nt in m gran it id s, appear t be the nl y 

elements whose geochemical an mal ie are g neti call y dir ctl y rei ted to the magmatism. 

Ba anomalies could be an effect of lat st mo t magmati c ac ti ity, a discus ed in ppend ix 

A. Hence, the gran itoid rocks are n t strongly metall genic. This c nclusion, t geth er with 

the scarcity of late tage fluid rich r ck (e.g . pegmatites) may fi nd an explanati on in the 

particular evo lutionary hi tory of th magma. As h wn in ha te r 6. the magmatic 

evo lution of the ega h pl uton ha b n d mina d by fractional c _ talli zation and F , 

with heavy separation of homblen e. Th tr ng r I of thi h dr t d mineral 3S aratl ng 

phase could have created the condi ti n fo r the ~ rm ati n f vo latil e- or r idual liq ui 

The formation of relatively dl r Sl ual melt could be a mam au for the s ar ity of 
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pegmati te and th I k ign ifieant miner li~ing e em ' irec I rei te t the lu nle 

event. 

2. Many metam rphie r eks h Vo.:. an m I u v lue r r the n idered trLl e elel11ent . The 

most striking vid nee v hi eh fr m the daw i ' that tho.:. largest . mount f the 

anomalous ample com [r m the re tri tc cit f the. uluh l ive r \' Ilcy. In lhi ' area I' 

inten ive second ry metasom ti ' 111 , an m Ii f Au, • , Ba, 1\ , 7.n ha e Cen detcete 

ince, a previ u Iy 'ugge ted , minerali zati n ~ r the 'e elem nt d n t appear t e direct ly 

related to the plut n it mu t be ncluded th ~ll the urce r fluid ' and their olu t I ad are 

to be located in the m'tam rphic rock , In thi ca e, it c m pr blc that the magmatic 

event provided th - energy but n t the m ' r th mI n raliz ing ag nt ' , The fact tha the 

geochemical anomali are concentrated al ng the ul uh Iver IS 1111 Iy a e nseq ucnc r 

the presence of the fractu re zone in thi ar a, Th i hyp the i is strengthened by the fact that 

samples with anomalou values of n, whi h ha eben found to be direc tl y related to 

igneous activity, are not concentrated along the uluh River val le, ' This confirms that the 

fluids which were respon ibl for metas matism in th uluh frac ture zone are of 

metamorphic origin, Some element such as di splay an ma l LI c ncentrations also in 

rocks which have been collected a'vvay fr m th plu on. Thi c uld be taken t indicate some 

kind of mobil ization during metamorphi m, Iternativ I, a large r di spersion halo for the 

mobile As during metasomati m could e envi sag d, 

Therefor the uluh Ri ver 

area from an econom ic pint of 

pr nts the mo t inter tin 

\. Hence, a detaile expl ration g och mi st, 

investigation is stron)y advi abl in thi ar a, Thi c nclu i n is al su rted by d taile 



fie ld explorat i n v hi ch ha b en c rn 

thesis and th r suit ar d scri b din 

Since tw anomal u 

12 

ut in the In I an 0 he tudics the re en t 

pendi . 

~ r e een und in the un ry r ks the 

eastern border of the intru 1 n, m ddi ti n I ge chcmi I in vc tiga i ns i ' aovi sab lc , I 

in thi s area. 
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CHAPTER 8 

CONCLUSIONS AND RE COMMENDATIONS 

The fi eld observati ns and the an ti bt ined In the resent w rk II w thl: 

following eonclu into be drawn: 

I. The Nega h ar a c nits m tl y f W n hist fac i ~ mel" Ie nic r k wilh min r 

interca lations of meta dim ntary r ck ' . . he met m rphie r eks arc af e 'leu by 

fo ld ing and by tw ne rali n fau lting v ith W - E E trend 

2. The metavolcanic r k di pl ay ge h mic< I c mp ns akin t Ie alk li nc basic t 

fe lsic rocks and tholeiitic arc basa lts. Th is u ges t an cmplacem nt in an i land arc 

environment. 

3. The metavolcanic rock are cut by a cir ul ar, und formed , di s rdant plut n which 

generated thermal metamorphic effects n the ountry rock re ultinQ in local 

hornblende - homfel fac ies rock at the c ntact a re Ie. The w st rn c ntact 

between the pluton and th c untry r ck i linear and lie along a fau lt line that ~ rms 

the Suluh Ri ver vall ey. 

4. The pluton consists of gabbro ic di ri te, diori te quartz diorites, tonalit s, monzoni te 

and granodiorites with minor gran itic, apli ic and pegmatitic dike . The overall 

composition of the rocks is typica ll y high- tas iU I11 calc alkalin. I nmm nt 

element abundance sugg t an int ru ion in a volcani arc n Ir nmen . 



5. Madelon the structure [the pluton ba e 

pluton con ists of pre ailing mafi r 

12 

tr I gi 31 d a ugge t lhal he 

\ ith min r gr n di ri e which re 

concentrated towards th t p. he LIt r pping p rt lhl.: in ru i n represent the 

top most part of the granit id b d 

6. Geochemical modeling based n ma) r nd t 'aee clement ugges that th e intrusiv 

rocks were differcnti ted r m m fi c magma b frac ti n I st· 11i /':l ti n and AF '. 

Hornblend was th maj r eparatin 1 ma I phL L: . Ik Ii cld 'par and ce ry 

phases such as apatite, zirc n and all anite pia dar Ie during th interm eu i te lO late 

stages of magmatic difD rentiali n. 

7. The plutonic rocks, includi n" th m t diffe r nli lcd plitc and pcgamatite ' , d n l h w 

significant geochemical an mali e except ~ r a few cl ement such as n and I n. Thi 

leads to suggest that the magma did n t play an imp rtant r Ie in gener ing 

mineralization in the area. In tea , the intru i n m y h, vc furn ished the heat v hi ch 

triggered fluid circul ation and elemental m bili zari n in the counl ry r cks. 

8. Geochemical anomalous samples fo r u, Zn, s, and Ba were D und t c ncent ra led 

along the western boundary of th e. plut n, the ul.uh fa ul t lin . The fa ult rovided the 

ease through which the metasomatic flui s enriched the are with metal . Further 

geological and geochemical investigation should b dir cted to thi s zo ne. 
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APPENDIX A 

FIELD OBSERVATIONS IN SELECTED AREAS 

The field investigation and th preli inar data bl ined n the n I ze -amplcs 

indicated that the metavo lcanics in th we tern nd ulh \) e lern parls the plul n re 

characterized by a considerable hydroth rm I cti it al n mali es. thcr 

interesting metasomatic processes have be n b er cd in and I the 

between the intrusion the metavo lcanic. Thi has pr mpted dd it i n field w rk ai med al 

better defining the rock types and the met mati c PI' . urring in the e arca . Thi 

additional work has been can'ied out in the fin I part the pre em the is and i. here rie fl y 

summarized. 

A. 1. PEGMATITE VEINS AND RELATED MINERALIZATIONS 

Pegmatite veins are concentrated in tw maj r z ne within thc intru -i n : at thc 

contact between the granodiorites and the meta Icanic and a pegma ite t ckw rk 

affecting the diorites close to the contact with the t n lites. The conlact pegm:llite ar 

simple, non - mineralized types while the pegmatite tock rk ar a bit di ffe rentiated and 

host some minerals. 

The contact pegmatites occur in two mai n rI ntati ons : n rmal and tange nti al to the 

contact resulting in radial structures. The pegmatite are c mp ed of only K - feld par , 

quartz and big muscovite crystals and exhibit characte ri tic myrmectic t xtures. These 

pegmatites are generally simple except some trace of tourmalines in s me ein which 

crossed the metavolcanics. 

The pegmatites affecting the granodio rite transition t apl ite '-'\-i thin the arne 

dike. Some pegmatites show zoning from fin e grain at th ord I' t coar er gram toward 

the center indicating the coexistence of the magmati c liquid and the cry tallin has 

(quartz, orthoclase, mica) together. 

The pegmatite stockwork within th diorit forn1 a egma it leld of on id r bl 

extent and occurs in two different faci s : 



j' 
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1. 

2. 

I 5 

Simple pegmati tes comp d qu rrz 

or graphic texture . 

Albitized and epido ti z d pegm tit \ hi h re hi ghl di cr nt i tcd or 

altered) near to the c nta t wilh the di ri te . The e cgm tites are 

composed of a considerabl am un t . cle 'Iandite. with 

some tourmalines a icular rutil es nd hem tilc in , iti n t the qua rtz. 

K -fe ldspar, muscovit and bi tite. P m Ie y 

quartz veins stained with reeni h an bl 

A.2. QUARTZ VEINS AND RELATED MINERALIZATIONS 

The country rocks and the granit id ck ar mu h a reeted qUJrtz vein ' r 
variable extent, orientation and character, and thr c imp rt nt t, pe r quartz v ins rc 

distinguished : 

1. milky quartz veins affecting the ith u any minerali allon, 

2. mineralized quartz veins, vein lets and t ckw rk ' rf Cling the C untry 

rocks, the grani to id, the quartz p rpbyry di k , the ap li te and the 

pegmatites, and 

3. quartz veins which are exc lu i ely related to p ta ic (red) alterati ns. 

BARREN QUARTZ VEINS 

The metavo lcanics away from th c ntac t I the gran i oid are af ect d bas rie ' of 

quartz veins which are composed of pure mil k quartz and are barren xce t for som 

oxidized pyrites resulting in black staining. uch quartz ein which rang from ~ em to 

about 1 m thickness are widespread and frequent in the',; est rn and northern art of the 

pluton, within the metavolcanics , In som ar a , Iik the we tern art. th se \' ins form 

extensive belts of considerable extent. The thi ckne and fr quenc of thes Ins ecreas 

towards the contact. These veins have an orientation which i aim arall I or aery lo\v 

angles and rarely across the foliation directi on f the m ta 01 ani . indi ca in th the, ar 

fo rmed by lateral secretion fro m the coun t rock nd the, are n I rela t d the grani i 
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stock. There are also Some barren quartz ein le 

with country rocks, provid ing furth r e 

quartz veins. 

MINERALIZED QUARTZ VEINS 

Ihi kn 5 5 - 10m \\ hi 'h arc I cd 

nome m barren 

Either side of the contact i char teri cd hi Ih n nlr ti n f qu rtz veins which 

are rich in hematites usually with pe ul pe ul ri ll; . 1 he e quartz ein · . ur 

as single large veins, vein let and t ckw rk rangin 

a meter. The quartz vein 

include N - S, E - W, NIO 0 , N20 0 0 

In the western and south w st rn part 

widespread. Close to the southwe tern c nt l th 

fc mm u to hair 

me recorde ri cl1l" Ii ns 

o 

area, these quar z el ns arc 

hi h, al 

the surface, are changed to brownish hematite . In place , t the quartz eins, there ar . 

veins of magnetites (1 em - 10 cm thick) fi llin fr cture para ll el t the liati n ir cli n r 
the country rocks. 

At the western contact up north th r i an ex ten i e fi Id f quartz vein ' , cinlcts 

and stockworks affecting the metavolcanic , \i ith al ere p rit $, hema ite, me ther 

metallic minerals and are associated with £i Id par and a con ide rab le amount r calc ite. 

In the vicinity of the area where there i a rec rd d I n - P an mal fr m str am 

sediments (See Fig 7.l. ) the quartz veins become particularly ri h in iT n xide h matites) 

forming the Iron Hats which form velnlets having a thickne of up t cm. 

Within the granitoid stock, the diorites ar much affe ted stocb orks f the 

mineralized quartz veins and veinJets, e p cially near to the e tern c ntact and to the 

tonalites and granodiorites . The e hematite ri h quartz In al 0 aD th egmatite , 

ap lites and quartz porphyries at various orientati n . 

MINERALIZED QUARTZ VEINS WITHIN POTASSIC ALTERATIONS 

The metavolcanics in the south, e t rn ar 

highly silicified and occasionally migmati z d r k . Th 

th J n e ug I 

ro 

ar ar re ia ed 

ec c by 
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extensive potassic metasomatism recogni ble r m th 

potassic alterations which have formed K - eld 
the r cks. Thest: 

rtz cins, \ cinlc s anu 

stockworks that are particularly rich in peculari \) hi h in m1 hci r \",n 'ci nlc s 

of thickness up to 2 em within the quartz ein and p ta ie m las matic r cks. 

These potassic alterations whi ch rang in lhi knc a m ' lcr I ~ m an 

extend along the strike for a considerab l r k u un ll low 

angles and occasionally at large angle me rcc rdcd 0 : ' 19- 0 1: , - , 

N20 0 E, N30 0 E). The potas ic alterali 

minor faults , vertical join ts , and minor frac ture 

e qu rl7. ci ns an; , fTt:c ed by 

h th t.: hem, titt.: · art.: ncentraleu . 

The detailed sketch of one such di ke is r pre cnted in Fi g. .1. I lal ' . I , nd . _. re 

photographs of such potass ic alteration with quartz CI n . 

The potassic alterations also h st S me barit ei n v hi h re 'lim st ~me n . 

The association of potassic alt rati n v ith relati ve ly hi gh temperature minerals li ke 

hematite within quartz veins is a favo urab le 

there is any source rock nearby (Valera, Per n. 

n iIi n ~ r g 1<.1 miner' li /a ti n if 

mm . , and th ge ht:m i 41 1 an Iy 'is f 

the country rocks near the contact revea led 4 - 14 ppb g Id v hi ch i th hi ghe ·t v lue am ng 

all the analyzed rock samples, supports th i ugge ti n. 

A. 3. BARITE - FLUORITE MINERALIZATIONS 

The southwestern part of the mapped area i char::! terize b exten ive Barite -

Fluorite mineralizations. There is also one bari te ein in one of th r f pendan \. ithin the 

pluton. The most importa'1t minerali zed zone are de cri bed. al ng \. ith their s eci fic 

locations below: 

1. Location : at the top ofa roof pendant within th intrus i n 

Thickness : 30 cm extending for about thIe met rs 

Orientation: N30 0 E cutting the horn fe l e 

The barite vein contains some altered black mineral an ge h mica l anal, si 

revealed 41 ,000 ppm Ba. Host hom~ I s contain _,200 m 
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Plate A. 1 Quartz veins within pota sic al teration The uar z vein hos hema i c (dar~ ) 
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Plate A. ! Potassic alteration (fle h red) th al sh \\ . \ ell - c\c1opc . I spalllCl J( n 
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Location : on the eastern flank of the uluh ri r 

Thickness: 5 cm extending cor ab 
11 ut 0 min the ri ke 

Orientation: N230 ° £ (N£ - SW) 

The barites occur as veins and veinlet d i hin 

places, it is associated with quartz v in . Brite exhi it 

surface. 

ti n. In 

ea thered r . u its 

3. Location:NI3051.404 ' £039°30.520' atthet 

Orientation : £ - W, crossing foli ation f the 

discordant to the general structure. 

t I, rgc angle ' n an.: 

The barite veinlets form stockwork (a 

country rocks, and are enclosed within th 

em I1t) lil ing th' ,cture. 111 he 

4. Location : N13° 57. 329' £039° 29.708 

Thickness : 30 cm 

Orientation: £ - W 

The barite vein is enclosed within a very thin ne f p ta ic altcrati n CLl ling the 

metabreccias and metabasalts. It is acc mpanied by man ther m II einlcl f 

similar orientation. 

5. Location: N13° 51. 618 ' £039° 30.551 ' 

Thickness : I. 6 m 

Orientation: N120 ° £ 

The barite forms stockworks associated with quartz vein ithin p las ic all rali ns 

(Plate A. 3.), and are subparallel to each other. The barit afD ct the me abrec ius . 

Up the slope towards the top, the barite occur a pr minent 

crossing each other but generally oriented E - v and aim st 

ei 1 I t cri s 

irection 

respectively, affecting the metabreccias v hich ar general! on en e a 10 ° 

6. Location: N13° 51. 671' £390 30.322 ' (at a illage ',; hi hi named Maiche 

Thickness: Vein up to 1 m and the minerali z db It up t 1- m, extending for 

about 100 m along the strike. 

The barite veins outcrop at the top of a hill cutting th iated rock at low 

angles. The barites which are occasionall a com uon e 0 cur a 19 

veins, small patches and as cements filling th r tor 111 he un lJ r ck . The 
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barites and the fluori tes show very di tin t r di I nd 

of this mineralized belt is represented b a k t h ma 

Location : N130 51. 371 ' E039° 30.49 1 ' 

iCLlI 

Thickness : 50 em extending for ab ut " m i n th strike 

Orientation : N50 0 EI 45 ° NW 

Ie, ure . The deta ils 

This barite vein outcrops at the top ofa hill bu t there re barite vein ' n both sides 

of the slope oriented N35 0 E and 60 0 with 30 cm und 0 m thicknt.:ss 

respectively, increasing in thickne up to 1.5 m al n th trike, t w rd ' th l: lOp. 

The thickness decreases down the I pe and fi nall y h nge t 111 II vein lets wh ich 

fill fractures within the country r ck . The ve in 

northwest. 

II generall y dipping t v\'ards 

In the same locali ty but at the top of an adj ining ri ge th re I a z n f barite 

mineralization where a barite ve in ori nted at 0 ° E i a c 

number of barite veinlets having a genera l ri entat i n f , LIt witl in the 

belt (the stockwork) the veinlets are criss cross ing each ther at ari ou angle '. 

The outcrop extends for about 60 m and th thickn of th · vei n ranges fr m aD w 

em to about half a meter. The barite stockw rk is ho ted by metatuff . 

8. Location : N13° 51.5 15 ' E039° 30.338 ' 

Thickness: 40 em 

Orientation: N 50 0 E but changes direction becaus of some bending. 

The barite vein shows a peculiar feature wh re red, mas ive barite encl se a li ght 

purple coloured, acicular and radial barite (pure barite) insid . 

In the same locality, there are barite veinlet mixed with quartz eins fonning a b It 

generally extending at N3 50 0 E. The top of the slope is affect d by an in trica e 

network of barite veinlets which completel ... fi lled the fractures ithin the ho t 

rocks. In addition there is a bari te vein oriented at 75
0 

E whi h contain some 

fluorite cubes that fill the interior part of the ve in. 
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Plate A. 3. Barite veinlets within potassic alteration and a ociated quartz einlet 



9. 

10. 

11. 
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Location: N130 51.660' E039° 30. 200 

Thickness : 50 cm 

Orientation : N20 ° E 

The barite vein which outcrops at the sid 

fluorite and barite mixtures, and pure bari t 

cement in the country rocks. 

fa ri e nl In ' I ny u ri le ubes, 

and mClime il ccur ' a ' arile 

Location: N13° 51. 820' E039° 30. 17 ' 

Thickness : 25 cm 

Orientation: N 310 0 E 

This barite vein which outcrops at the top f a ri dge nl in nl 

Location : N13° 52. 002 ' E039° 30 . 166 

Thickness: 70 em but weathered in the middle al n il lri e 

Orientation : N 25 ° E 

The barite contains many fluorite cubes s m f hi h ar up l 

urc arilc. 

ne 'm In tze . 

There are a series of similar barite ve in in the sam I catity ex p cd 01 ng a 

track. 

The southwestern part of the mapped area i c nsti tuted by r cc iat r cks and 

metarhyolite close to the contact and metabasalt, metatuff away fr m th onlact. The 

rocks form a series of ridges elongated para llel or ubparall J to the D liati n directi n of the 

rocks, and are affected by a series of NW - E trend ing fau ll hich ar ubparall el lO the 

main "Wukro Fault Belt" which separates the Precambrian rock fr m the ' Mekele utl i r". 

The ridges form a series of down faulted surfaces on either side of the uluh ri er, although 

the throws are not considerably large and the fault face are total r d a\ a . The hil l 

tops, then, represent palaeosurfaces. The barite - fl u rile and lh alena - Barile 

mineralizations are concentrated at these surfac s. The barile i e ten i 

the slopes but towards the foots of the slopes, the barit em b om Ie ex len i , mall 

in thickness, less frequent and finally cease to exi t v hile lh quartz eins c mp s f th 

specular hematites become more extensive and freq u nl. 

This clear relationship indicates that the barit whi h i a low mper ur mineral is 

not associated with main phase of mineralization that g e ri 
he h m lil ri h q anz 



veins, but is a late stage mineralization related t mctc n \,: cr \ hi h uld \.! hcatc by 

the high temperature of the cooling granl·tol·d I·ntru I· n. "I-hi· ·1 up rtc by he pre en \.! o f" 

barite veins at the top of the cap rocks 010rnfe l i r en nls) \ ithin the rluton. 

A. 4. HEMATITE - BARITE MINERALIZATION 

Although a swath of anomalous va lu ~ r ead in diti n t th t 

indicated from stream sediment and soil ample In 

investigators (like Hagos 1971 , Watters and 

identified. During the present investi gati on, in add iti 

mineralized quartz veins, potassic alterations and barit 

Zinc a -

)' pr IOUS 

n \,: ::I S 

lh 

Hematite - Barite mineralizations (which look ver mu h lik g lena) have ccn idcntific 

in the mapped area, for the first time. 

The Hematite - Barite minerali zation ut r p at pal e urfa e wi i h is close t ) 

the contact between the country rocks and the plu! n. 

Location:N130S2.863 ' E039031.0S9'(at a l cality kn wnasZ b n ebr elam) 

Thickness: Maximum 4 m and continues for ab ut J 20 m al ng the tri ke . 

Orientation: Almost E - W. 

The hematite and barite occur as ve ins 0[30 - ~O cm thickne and filling the 

fractures in the brecciated rocks as cement eparated by urunin rali zed thin septa f 

fevv em thickness. 

Although no geochemical analyses were mad fo r Pb, the fiel in e ti gati on revea led 

a close relationship between galena (?) and barite and the galena i oncentra d at th 

surface indicating that it was concentrated by imilar process that c ncentrate barium In 

b · . S of the lead anomalies in the tream sediment and il ample can e ante vems. ources 

ascribed to these galena (?) mineralizations. 



146 

A. 5. FELDSPAR DEPOSIT 

Apart from the above described miner li z ti n the m 

western part also host a feldspar depos it of considerab l e tent. 

At a location N130 53. 227' E039° 30. 37 t a I 

the western flank of the Suluh river valley, ther is a p cu li 

in the . u h -

un) on 

r k th 1 c m po ' C 

of pure feldspar with a very li ttle quartz and ha a cry pur \I hi te 

consists of two bodies with a thickness of aro und 100 - 12 o m. -I hey arc 

separated by a gap of about 50 m of metavolcani s. The dep it e, 1 nd r I u :2 km at < 

general trend of N 20 ° EI 28 ° NW. The fe ld par rich r k" hi h is hi .hly in urJlcd < nd 

fo liated is cut by small quartz and aplite veins 'v ith v ri u rienl ti ns. 
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APPENDIX B 

PETROGRAPHIC DESCRIPTION OF SOME SELECTED SAMPLES 

B. 1. INTRUSIVE ROCKS 

1. Sample: 

H andspecimen : 

TG 58, collected from the cont t z n 

Granodiori te composed of larg 

observable quartz, and man mineral . 

e t rn 

\ i lh c1eorl 

Identified Minerals : plagioclase feldspars, K - fe ld par , qu rtz, m h rn I 'nde rore 

Texture: 

muscovite, epidote and opaque mineral . 

The rock is phaneritic h II cry tallin d minantl y n lilUlL:d by 

plagioclase feldspars formin larg euhcdra l 1 

with albite, albite - carlsbad and albite - peri li ne twinning and 

myrmectic intergrowths with qu rtz. me pi gi 

sieve textures while the domin nt cry t I are char tcri z d y 

prevalent normal and 0 ci llatory z ning. Ther are als large 

microcline crystals which exhibit characteri ti c r ' - hat he 

(tartan) twinning (albit and pericline law) ery di tin t under 

crossed polars. The biotites form subhedral t euh f::J1 cry 1 Is up t 

2 em size, with distinct and perfect basal clea age. me or the 

biotites contain quartz inclu ion .. The h mblende ar ge nerally 

associated with the biotites. Some of the hornblendes have a iotite 

rim. Others show penetrating boundaries with the biotite . 

The muscovites and epidotes are rar and e fin - grain d and 

recognized only at higher magni ticat i n . The are clearly 

secondary in origin. Most of the opaque minerals ar ene l sed 

within the biotites. 

Accessory Minerals : Zircon, apatite and sphene. 

Estimated Composition : plagioclase: 50 %, K - feld spar : 10 %, qu rtz: 20 %, biolil 

15 %, homblende : 7 %, mu c ile and pidol : I %, opaque 

minerals: 2 %. (Modal comp ili n) 

Petrographic Name: Biotite - Granodiorite. 
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2. Sample: 

Handspecimen: 
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TG 70, collected from the conta t b t 

tonalites. 

Granodiorite which contai n m 

en the gran di ri e an 

more melanocratic than the pre ample . 

Identified Minerals: 1 . 1 K P aglOc ases, - fe ldspar quartz bi ti tc II rn len c, rare 

Texture: 

muscovites, some opaque mineral . 

Phanerocrystalline where the plagi cl 

convolute zoning. Some zoned cry t. I 

carlsbad twinning. Myrmekitic inl rgr 

are common. There are some big mi r 

rare perthitic textures. The bi ti te 

crystals and some of th biotit 

inclusions. There are al m 

inclusions forming di tinct pie chr 

characteristics hornblende opti cal chara t ri ti c 

di inct 

nd al itc-

'ubhcdral 

' r 111 ' S 

ntain Zl rCOI1 

Ie ' exhibit 

with clear 

pleochroism. Muscovite shows clear el ngati n with s me I::tmell . r 

twinning, characteristics cleavage and high int r ~ r n e colours. 

Epidotes occur as very fine - grained aggregate . The eu ie crystal ' r 
pyrites and magnetites) ar concentrat d wi thin the quartz and 

feldspars. 

A ccessory Jilinerais : Sphene is the common and abundant aeces ry with little zi rc nand 

apatite. 

Estimated Composition: plagioclases : 45 %, K -fe ldspars : 7 % quartz: 25 %, bi tit 

10 %, homblendes : 10 %, muscovi te and epidot : I %, opaque 

minerals : 2 %. 

Petrographic Name: Biotite - Hornblende - Granodiorite. 

3. Sample: TG 48, collected from the contact zone 

diorites. 

nd th 



Handspecimen : 
149 

Melanocratic with som whit 

can be easily identified. 

Identified Minerals: plagioclases, quartz, some K - f, Idspar Icndc, 

Texture: 

some pyroxenes and opaqu mineral. Th re ar also somc 

unidentified deep red mi n rals . 

Phanerocrystalline; the pia i ned nd xh ibi t alb itc 

twinning. Some plagioclase c ntain e fine - gr inc sec nary 

micas at their cores, and there ar m n - textu re I lagi clase 

crystals. Microclines show both tartan and imllc albitc twinning. The 

quartz grains exhibit embayement t . ture at thei r ntacts v itll 

plagioclases. The biotites and h rn bl nde ag rcgate · 

and rarely as perfec t euhedral cry tal 

feldspars. 

ithi n the plagioc la ·c 

A ccessory Minerals: Apatite and sphene are the c ri es ith m Zi rc 11 . 

Estimated Composition: plagioclases: 70 %, K - fe ld pars: 5 %, quartz: I %, iotite: 

7 %, hornblende: 5 %, pyroxene : I %, paque Mineral : 2 %. 

Petrographic Name : Tonalite. 

4. Sample: TG 49, collected from the centre of the diorit b d . 

H andspecimen : Melanocratic, fine - grained. 

Identified Minerals: plagioclase, pyroxene, biotite, hornblende paqu mineral and 

very little quartz. 

Texture: Hollocrystalline, fine - grai ned, with u hedral and rare euhedral 

crystals. The plagioclases exhibit al ite an cca i nall albite-

carlsbad twinning; some plagiocl xhibi slight zoning and 

contain fine -grained secondary mi as at their core. Pyrox ne I 

commonly represented by augite c tal v hich show sec nd order 

green _ blue interfe rence c lour. Hornbl nd occur a fine - gr ined 

aaareaates associated with the p ox ne . Bi tit ommonl yoccur as 
00 0 

subhedral crystals. There ar om iotite cry I con aining zi r on 

crystals with haloes at their oun o aque miner Is arc 



I 0 

scattered all over and the e. hibit 

textures, forming se ries of el 

within the plagioclase . m the 

shading at their boundari e e pe i II 

di in t cl I an gra ph ic 

ur sca tercel 

r n; 

crystals are fully deep red b th und r parall ' I an 

Accessory Minerals : Some sphenes and very rar zir n r ti s. 

Estimated composition: Plagioclase: 30 % a gerin - augitc : % i lit' : 20 %, 

rt!. : %. hornblende: 10 % opaque miner I : 12 % q 

Petrographic Name : (Pyroxene) Diorite. 

5. Sample: 

Handspecimen : 

TG 52, Collected fro m the nt t z nc etv c n the di ri tes and he 

tonalites. 

Porphyritic with disc rni ble h rn blcnd and i tite phcn crysts. 

Identified Minerals : plagioclase, bioti te, hornblende p r xene augit ), me quartz and 

Texture: 

opaque minerals. 

Porphyritic with large subhedral ph 

hornblende. Plagioc lase exhi it albite 111111 n 

ti te · and 

ti t encl 

many quartz and opaque minerals. me i tit s exhi bit twi nning. The 

groundmass is constituted by aggregated bio it , hombl ndc and 

pyroxene, which show reaction r lati n hip at the ir b und ie. Th 

pyroxenes are commonly elongate and e hi it cl ar lam liar 

twinning, while others show emba ement t ures. Th paque 

minerals occur as scatter d euh dral to ubhedral c s al . 

Accessory 111inerals : Zircon is the only common ace ory. 

Estimated Composition: plagioclase : 40 %, biotit : 20 %, horn lend : 20 %, yrox ne : 

10%, quartz : 5 %, opaque mineral :' %. 

Petrographic Name: Biotite - Hornblende - Quartz Diorite. 

6. Sample: 

Handspecimen : 

TG 53, Collected fr m a dik hat cut Lh di ri e 

Leucocratic, ery fine - rain r k m n apli e ik . 



151 

Identified Minerals : quartz K - fi ld , e spars, musco it m bi tite an h mblcndc. Ii Ie 

Texture: 

plagioclase. 

Aphanitic, quart d z an fe ldspar mm nl y h \' intima c 

micrographic intergrowths. Feld p rs mm nl l\-vinne , 

muscovites show characteristic bas I Ie ag and hi gh in terference 

colours. Hornblende occur a el ng ted la h hi Ic bi ti te ' are 

equigranular subhedral to euhedral. Th me I:lgi c1ase ""hieh 

show lamellar textures. 

Accessory Minerals: Zircon. 

Estimated Composition: K - feldspars: 40 %, quartz : 35 % mu ite : 4 %, 

plagiodases : 5 %, biotite: 7 %, h rnblcnde: %. 

Petrographic Name: Micro - Granite. 

7. Sample: 

Handspecimen: 

TG 99, Collected from a dike that cut the wall r k nl: r 

the eastern contact of the pl ut n. 

Leucocratic, porphyritic rock that c ntain many i ibk p1agi cia e 

and quartz grains set in fine - grained whi te m t ri al. he dike i 

affected by a swarm of quartz v in 

contact with the country rocks. 

at it 

Identified Jt;Jinerals : quartz, plagioclasess, K - feld spars, mu co me bi ti te an 

Texture: 

rare opaque minerals. 

Porphyritic with coarse plagioc lase and quartz cry tal s et in very 

fine _ grained muscovite riche matrix. K - fe ld ar ccur a fin e ­

grained aggregates and rarely a big cr.'stal enel sll1g v fi n -

grained aggregates of musco it s, gl Ing them Ie e (mottl 

appearances. Biotites are scattered a fine anhedral c whi Ie the 

opaque minerals are common1 fine - grain d 

ribbons, except for some p rfect cubic c tal 

through the rock. 

nLrate In 

P rtt sca er 

Accessory Minerals : Rare zircon. 



152 

Estimated Composition: quart . 10 0 1 . z . 1 0 , muscovite : 3S % 

plagioclases : 2S %, biotl'te .' S 0/0 /( opa u miner I : ~ %. 

Petrographic Name: Micro - granite 

8. Sample: TG 112, Collected from an ap lite dik UL ing meL m r hic r ck ' 

the western side of the pluton. 

n 

Handspecimen : Leucocratic, fine - grained with sugary t I tur 

Identified Minerals: quartz, K - feldspar, some biot it and rare mu ilC paq mineral ' 

Texture: 

and secondary calcite. 

Quartz and K - feldspar f; rm S me rsc 'wl- uL mm nl , 

occur as fine - grained aggr gat WiLh ml r raphic inlcrgr WLh s. 

Feldspars exhibit Carlsbad twinning. Bi li l ur anhedral t 

subhedral grains while musc vite i very (ine - gr incd n i ' cnclo cd 

as a secondary product within coar e feld ar ry t, I . The paquc 

minerals are perfect cubic crystal (pyri t 

A ccessory M~inerals : Rare zircon. 

Estimated Composition : quartz : 45 %, K - fe ld par 4 %, bi tit : S % musc iLC: 3%, 

opaque minerals : 2 %. 

Petrographic Name: Micro - Granite. 

B. 2. METAMORPHIC ROCKS 

9. Sample: 
TG 95, Collected far away from th pluton (about " km fr mega h 

along the Wukro - Negash main road). 

Identified klinerals : quartz, plagioclase, K - feldspars 
eri ite . 

The rock exhibits relict porph ritic textur with quartz and 
Texture: 

plagioclase phenocrysts. Plagi cia e ar c mmonl LV inne 

according to the albite law.' ome f th quartz grain ar sLrained 

along the foliation directi-on. The matri . is mad of eri ciLe. qu 

and alkali feldspars which f; rm elon aL d fine aggr gaL . Ther are 

some black fi ne grained agoreg t 
of min ral \\hi hare d rk aL 
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parallel po lars and are elongated at som angle t the len r I Ii lion: 

they may represent glass shard of or I' I'n I I n1m within ignimbriti c 

rocks that have survived metam rphi m. 

Accessory Minerals: Some tourmalines which are el ngat d t per cndi cular to the 

Parent Material: 

10. Sample: 

foliation direction. There are al 0 me ir n. 

The mineral assemblage and textur indi 

rock as parent material. 

TG 120, Wall rock collected fr m th W tm 

nl pyr lasti c 

Identified lWnerals : plagioclase, quartz, K - fe ldspar 

opaque minerals, allani te. 

mu vile pid te , 

the plut n. 

me bi lite, 

Texture: The rock exhibits relict porphyritic t xtur with ar cpl ' gi cia 'Cs, 

quartz and K - fe ldspar phenocry t . Th pi gi s exhi its albite 

twinning while the K - D Id par typi ally h w p Iysynthcti c 

twinning. The phenocrysts are s t in fin , equ igranul . r matri x 

composed of muscovite, some epidote and K - fe ld par . Thc 

minerals do not exhibit strong foliation and n phen crys t i ' _trained. 

There a lot of red minerals which exhibit z ned and corona t xtures 

with distorted shapes, they may repres nt m tamic ic allanite v h e 

lattice has been destorted by radioacti ve el ment uch as 1h and 

The opaque minerals are commonly r pres nt d by pyri te which form 

perfect cubic crystals. The mineralization is clearly 

because the opaque minerals contain some quartz and feld par and ar 

superimposed over metamorphic textures .. 

A ccessory Minerals : Abundant zircon. 

Parent ilIaterial : The dominance of quartz, mu covite and K - D Id par m indi ate an 

original acid volcanic rock. But the pre nc of epid e and zircons 

show that the proto li th had high a contents and con tai ne abundan 

zircon. This points to a sed im nta prot lith . 
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TG 125, Wall rock coll ected from th 11. Sample: 
the plut n, ler on 

close to the contact. 

Identified Minerals: quartz feldspa 'd , rs, epl ote, garnet, chi rite , me bi ite, 

Texture: 

opaque minerals. 

The rock exhibits relict porphyriti tex ture ith u nz an pia Ji 

phenocrysts. Plagioclases exhibit z nin and al itc tinn ing. ' pid [ l.: S 

chlorites, sericite, and biotite sh w s m intergr \ ths and c n ti tut 

the matrix. Garnet forms coar grained crystal hi hare ractured at 

their margins and enclose many quartz grain. kel tal g met ar al so 

observed. There are a lot of op'lque minera l wi th perfec t cuhic h<. bits 

(pyrites) scattered all over the r ck. 

Accessory ll'finerals : A lot of fine zircon, sphene and apa ti t . 

Parent lJ,faterial : The presence of quartz and plagiocla e p rph r clast and ch i rite -

12. Sample: 

epidote - sericite matrix favo ur a p rph ritic b i !canic r ck 

parent material. The garnets may indi 'at a therma l m tamorphic 

effect of a slightly higher grade ( per I f n chist faci ). 

TG 47, A roof rock collect d from one 0 f the ro f pendan t wi th in the 

intrusion. 

Identified Minerals: quartz, feldspars (dominantly plagioclas .... ). ep id t, chlorite and 

opaque minerals. 

Texture: The rock is constituted by very fine - grained , I ngated (lath -

shaped) epidotes and ch lorit s set in a finer grained quartz and 

granoblastic feldspar-rich matrix. There is no trace f fol i ti n in th 

rock and the epidotes and chlorites which sh \ me r cry alliza ti o 

are oriented randomly. There are some fine - grained paque minerals 

scattered all over the other min ral . 

Accessory Minerals : zircon. 

The ml'neral assemblage and th texture indi ate 
Parent Material: 

Iti par n 

h m1al material affected by 10\ r grad dynamolh rmal an 

metamorphism. 
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13. Sample: TG 82, Collected far away from th plut n 

llfinerals Identified: quartz microcl ' I ' I , me, p agloc ase, mu en ite Cpl Ol , chl orile . 

Texture: 

Parent j}/Iaterial : 

14. Sample: 

calcite crystals. 

Coarse quartz crystals which ar tr n tr Inc and fra gmen ted, 

microciines, and rare muscovite crystal cur a I rge r ry t Is ct in 

a fine grained aggregate of quartz m pi gi cia c · eri itc , epidot 

and chlorite. Some of the coars mus ite arc urr undcd by fine -

grained sericites which intergr w with th hi rite and cpid tes. 

Calcite occurs as patches within the matrix. 

The dominance of deformed and trained uarl , mler clines and 

muscovites with little plagioel and ma IC mi nera l , t gether with 

the presence of abundant calcite indi e te a ca l itc rich and ' t ne as a 

proto lith. 

TG 118, Collected from the we tern area a ay fr m th plut n. In 

handspecimen, the rock contains ome fragmented qUe rtz inclu i ns 

and is cut by quartz veinlets. 

Identified Minerals: quartz, epidote, sericite, chlorite, rar D l ars paque minerals, 

Texture: 

allanite, and rare calcite. 

There are some coarse quartz grams (I' Iict pheno rysts) set in an 

aggregate of very fi ne - grai ned quartz, epi otes, ric ite. and ra 

feldspars which are fine and can nl be identified at higher 

magnifications. The fine ' gra ined minerals (except quartz) are 

oriented and elongated. Some of the coar e quartz grains are straine 

along the general foliation direction. There are rare mu ite stal 

which are fragmented at their mar) n and urr unded b flne ­

grained sericite. The rock i cut b quartz einlet wh i hare c m 

of equigranular, quartz grain . Th v inlets \ hich r generall 

oriented at some angle to the ~ liation ca I nil )' e, hi i 

sinuous features, and c ntai n m hI ri e . Ther ar re , . neral s 
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(metamictic allanites) which 0 cur b th in th 

quartz veinlets enclosing the quartz gain . 

minerals scattered all over the minerals. 

m tri o an wi hin the 

h re rc S m paq u 

Accessory Minerals: Abundant zircon and apatit 

Parent Material: A clay rich sandstone with calcit 

metamorphism. 

by 'cry I V" gra c 

15. Sample: TG 63, Collected about sixty met r fr m thc I,; t rn nt, l. 

Identified .Minerals : quartz, sericite, muscovite, rare D Id p r , paque minera ls. 

Texture: There are very rare coarse quartz crystal l in cry fine - grained 

aggregate of quartz, sericite and few ~ Id par , which h w ' clear 

orientation with the sericite elong t d al ng th liati n. Th I rger 

quartz crystals are sometime fragm nt d. Ther arc me mu c vit s 

which are coarser and oriented at an angl t the cnl,;ra l ~ liati on 

trend. There are several opaque mineral which d n 

orientation indicating that they were D rmcd 

metamorphism. 

Jfte r r gi nal 

Accessory Minerals: Abundant zircon. 

Parent Material: The mineral assemblage and th pre ail ing me am rphic lexlur s 

favour basic porphyritc igneous rock as a protol i t11. 

TG 71, Wall rock collected from the uth ea tern c ntact 
16. Sample: 
Identified lVfinerals : gamet, epidote, plagioclase, microcline rar muscovit , ch lori e and 

quartz, opaque minerals. 

Texture: 
The garnets are coarse -grained exhibiting dendri i cry I grow h . 

enclosing many plagiocla e . Epid t s, and hlorite 

show intimate intergrowths with fin grain d quigr nular aggr gate 

of quartz and K - fe ldspar . Thi exl ibit tartan tv innin~ t pic 1 of 

s Ili zati n a d ~ lia ion . 
microcline. The matrix shoy 

There are rare opaque mineral 

Accessory Minerals: Rare zircon. 
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The presence of dominant garnet , pia 10 I es nd pi with littl e 

quartz, K-feldspars and mu In I at an in t rmc iate 

volcanics. 

17. Sample: TG 79, Collected far away from the plut n. 

Identified Minerals: quartz, muscovl'te and serl'c I'te I I , 1 rite liltl K - fcldsp r , alcitc an 

Texture: 

Parent Material: 

18. Sample: 

opaque minerals. 

The rock is highly fo liated, c mp ed f fi nc - grain l:d aggrcg tes r 
muscovite and sericite which are el ngated al ng the foli ti n, in 

which coarser quartz and chlorites ar er groins f 

chlorites exhibit fragmentation al ng th ir I ngcr axe whi l quartz 

large crystals are strained al ng the ~ li ati n dir ti n. Therc are man y 

calcite bands totally enclo ed by el ngat d hi rite . There ar many 

fine - grained opaque mineral di trib ut d al ng the ~ li ati n. The 

opaque minerals also show s me fragm ntati 11 al ng thc G I inti n, 

which suggests a non po t -metamorphic ori gin. 

The mineral assemblage and the texture of the r ck indicate pe litic 

sedimentary rock (clay rich sandstone cemented by calci te) vi h ich wa 

affected by catac1astic metamorphi m. 

TG 87, Collected at the southern part of the pluton from the wall 

rocks. The rock is cut by a complicat d net work f quartz veins and 

veinlets. 

Identified A;linerals : quartz, sericite, little chlorite, rare feld spars, pyrite. 

A fine _ grained aggregate of ericit , quartz, s me chlorite and 
Texture: 

feldspars contains a fey large quartz cry tal which hoy 

fragmentation at their margin . Th re i a quartz inlet c mp ed of 

equigranular quartz crystals, h ted by fi ne - grained aggr gat 

of sericites, some ch lori t , quartz and rare Id r. The quartz grai n 

forming the veinlets ar stained b br wnish min r an there a e 

some opaque mi neral with rfec ubi h bi (pyri 



15 

Parent Material : The dominance of an qu rtz n the t' ture may In IC t an 

acidic vo lcanics a a par nt r ck. 

19. Sample: TG 60, Coli cted at th e t m c ntact. 

Identified Minerals : epidotes, serici t , quartz, me hi rilc , some feld spar ', rarc tile , 

Texture: 

some opaque minerals. 

The rock is fo liat d with ver fin e - gr in aggregate r epidoles and 

quartz, some ericite and hi ri les. There re S Ile larger musc vite 

grains wh ich ar hi hl y frc gmcnle . he 'e mu ' ite grain are 

elongated along th ~ li ati n. There arc al ' rare muse vite crys tal s 

transformed to the eri citcs whi ch n.: rientl!d perpendicular t the 

foliation . There ar many br wni h - red t, ins I ng the ~ liation. 

Accessory Minerals : Rare zircon and apatite. 

Parent Material : The relict porphyri tic tex ture nnd th d min, nc ' f mu c vites and 

20. Sample: 

qUaJ1Z indicate a ac idic v I an ic r k a pa ren t material . 

TG 115, Wall rock coll ect d fr m the west rn arca ( di e ta reg i n) 

close to the contact. 

Identified Minerals : quartz, feldspars, muscovite. s ric ite , biotite, chi rite, paq ue 

Texture: 

minerals. 

There are quartz grams with nodular t xture and many coarse 

muscovite which ar highl y fragmen ted and exten ive ly transformed 

into fine - grain d eri cite. These larger mi a cry tals are set in very 

fine - grained, hi ghly ~ li ated aggr gate f ri cites and qual1z. The 

foliation direction shows m defl ection by th ar und larger mica 

crystals, which themsel s ar trained , aligned . an fragment d along 

the foliati on direction. There ar man musco \'ite, ch lorite and rare 

biotite fragments which are ali gn at ome angle fr m the foliation 

direction. ome of the mu COVl te how p i ki I i tic tex rur s. The 

minerals ar g nerall nclo by equi gr nular qu rtz aggrega es 
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indicati ng late sili ific ti n. here n.: mL: p que mi ne rals scattered 

in the rock. 

Accessory Minerals : Rare zircon and apatite. 

Parent Material: The dominance of musc itc nd quar z t gcthcr \vi th textu ral 

evidence indicat an ci ic ignc k as p rL:nl mat ri I. . 
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